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a case study in Kelurahan Sewu Surakarta City, Indonesia

Abstract

Kelurahan Sewu of Surakarta City is located in a flood gromrea. The largest flood
inundation which occurred on the late December Zised inundation on the entire village.
Strengthening and raising public awareness of @isg@sone areas is necessary in order to
reduce the vulnerability and risk. Community knodge is very important to improve
preparedness and mitigation to reduce impact déledd. The research is focused on a local
scale, and is based on community knowledge ofdfloazard, identify the element at risk,
and assess the vulnerability of each of the elesrentisk.

The primary data were obtained through interviewifg respondents who were purposively
selected based on the structural types of housdhulding, the distance from the river dike,
and the elevation. General characteristics of conitypdior social vulnerability to floods were
observed. It was found that some of the communitiesd on the riverbanks with
unorganized housing, almost one-fifth of the comitiem consist of the elder and the
youngest people, one-third of the communities wereeducated, and a half of people have
low income. Moreover, the community has their c#iyao deal with flood hazard through
organizations and the local traditions.

Participatory Geographic Information System (GlS)swapplied to get information about
flood cause, depth, and duration. The informatices vprocessed using simple kriging in
ILWIS software with Gaussian semivariogram modeletiablish flood depth and flood
duration map. EighRukun Tetangg#RT) areas were found as the most prone area to flood
hazard.

Physical and social vulnerabilities were examined mapped. Four common structural types
of household buildings from nine structural typésiausehold buildings were found in study
area. The relationships between flood depth andadenior these structural types were
plotted into vulnerability curve. The most vulnembuilding structure is the structural type
with ground floor and bamboo wall. The least vudide building structure is the structure
type with concrete and ceramic floor, concrete walld clay roof. Vulnerability of building
contents is related to the level of income of adetwld. The higher the socio economic level
of the head of household is, the more the valueoofehold building contents is so that the
greater the degree of loss of building contentsthien facing flood. Vulnerability of outside
property depends on the people preparedness arabilitgp of facing flooding. Social
vulnerability was generated with a combination wfhe socio economic parameters of the
household. The result indicates that only a fewskbolds have high vulnerability, most of
households have moderate and low vulnerabilitystmrio economy. That is why the people
still live in the areas (flood prone areas) becahs@& combination of social vulnerability is
not so high. On the other hand, their capabilisesh as social organizations and local
traditions also help them to alleviate for recoveuying an after flooding.

Keywords: KelurahanSewu, community, field survey, participatory geagric information
system (PGIS), flood hazard, vulnerability assesgme




A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

Acknowledgements

Alhamdulillahhi robbil ‘alamin praise belongs to Allah, the Lord of the Worlde®in every
century inspires. Nothing | can do without His W@ uidance, and Permission.

I would like to express my gratitude to the Bapmeaad The Netherlands Education Centre,
for sponsoring me to pursue education in Gadjah aiddiversity (GMU) and ITC. | am
grateful to my employer, Forestry Department fdowing to me to continue my study.
Special thanks goes to Ir. Sugiharto, MM, Ir. Nigaini, M.Hum, Toni Rianto, S.Hut, MSc,
Imam Safari, S.Hut and my officemates, for thepsurt during my study.

My sincere thanks go to my supervisors, Dr. rer.Nath Aris Marfai, S.Si., M.Sc and Drs

Nannete C. Kingma for their support, patience aimdaluable assistance during proposal
writing, conducting fieldwork, and finishing my this. Special thanks for Dr. David Rossiter
and Drs Michiel Damen who gave valuable idea asdudision during the fieldwork and the
midterm. My grateful also goes to Dr.rer.nat. JunBartohardi, M.Sc and Nugroho

Christanto, M.Sc for their ideas and discussion.

| especially thanks to my fieldwork team, Fetty fabti and Cecile De Millano, for
accompanying me during my fieldwork KelurahanSewu. | thank to my classmates Bona,
Emba, Wahyu, Tandang, Komang, Eka, Dewi, Gandah,Diato, Sigit, Nina, Jaswadi, and
Andi, who support, discussion and being such a goethd for me in Yogyakarta and
Enscede.

My heartfelt thanks to my mother, my wife, my chéd, my brothers and sisters for yours
love, pray and being there for me during my diffi¢cime.

Yogyakarta, February 2010
Muhammad Zein




A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

Table of Contents

F Y 4111 = (o SO PP P P TUPPPPPPPPPRPP iv
ACKNOWIEUGEMENTS ...ttt e s e s e enan Y
TaDIE Of CONTENTS .....eiiiiiiiiiei it e et e et e e nee Vi
TS o) T 11 ] = PP viii
LISt OF TADIES ...ttt et e st e e s X
IS o) Y o] o 1T o T = SO PPRRRR Xi
F Y o] o] (=Y = 1[0 1P PPPPPPPPRP Xii
O 11 oo (U Tt i o] o BT TP PP PP UPPP PP 1
O = 7= Yo o [ {011 o R 1
1.2. Research Problem ...
1.3. ReSEarch ODJECHVES .....uuviiiiieiiiitiiiteeeee et e et e e eneneeeeee s
1.4. Research Questions.........c.cccceeeeeeee.
1.5. Benefit of the research
1.6. Limitations of the research ............ccco i 3
1.7. TRESIS SIIUCIUIE .....eeiii it sce ettt eene e nbee e 4
1.8, Literature REVIEW .......cueiiiiiiiiii et ecmm ettt s e e 5
1.8.1. FIOOd NAZAI ......cuvviiiiiiiiiiiiie e 5
1.8.2. VUINEIaDIlItY .....uvvveieiiiiiiiiiiiiii e enee s 6
1.8.3. Participatory GIS (Geographic Information System)..............cccvvvevnnennns 7
2. Case Study Are&elurahanSewu, SUrakarta.............u.eeereeierueesmmmmmmnseeeeeeeeeeeeeeeeeeaeaeens 8
2.1. General Information of Surakarta..........ccoccccccvvviiiiiiiiiiniieeee e 8
2.2. Flood Events in SUrakarta.................. commeeevrnnnnnmnnnnennnin s s ssssssnens 11
2.3. Characteristics dKelurahanSewWU ... 12
3. Research MethOodoIOgY ...........u i ettt eeee e e e e e e e e 17
3.1, Pre-fIRldWOrK . ... . 18
3.1.1. ChooSiNg STUAY GrEa ........ccvvviiiiiiiiiiiiee e 19.
3.1.2. The QUESHIONNAIIE ......ccoeeei i 19
3.1.3. Data reqUIrEMENT .......ccceiiiieiieee e e secmeree et tr e e e e e e s e e e e e e e e e e nnnnee 19
T 1= [0 1Yo o PP 20
3.2.1. Sampling Method ........oiiiiiiiie 20.
3.2.2. FieldWOrk EqUIPMENTS .........uuurieriiiiiiiiraereeeeeeeeeereeeeeeeeeseeeeesessesseseesnnnnnne 22
3.2.3. Building inventory and household interviews .............evvvvvevvveiiniiieinnnnn. 23
3.2.4. PartiCipatory GIS .........ooiiiiiiiiiiiiiiieeeee e 24
3.3, POSE-FIEIAWOIK.....cooiiiiiiiieiiiii e 25
4. Community Characteristics iKRelurahanSewu ............ccccviiiiiie e e 26
4.1. General characteristics Of COMMUNILY ........comemmevvvrveerrieiiiiiiiiiee e 27
4.2. Community Group irKeluraRanSeWU...........ccuuvviiiiieee e e 28
4.3. Local Traditions inKelurahanSEWU. ...........ccuuiiiiiiiiieiiiiie e eeeemmie e 29
A4, DISCUSSION....cetiiiiiiitie ittt ettt mreee e sttt e e e bttt e e et et e e s aa b et e e s ammeeesaabbee e e nenes 29
5. Mapping Flood Hazard iKelurahanSewu.............ccccoeeeiiiiiii e, 30
5.1. Flood events iflKelurahanSewu............cccoee e 30
5.2. Flood related fact itelurahanSewu ..., 31
5.3. Flood points using PartiCipatory GIS .........ccoeeeuiiiiiiiiiiiiiiiiss s 35
L0 S (oo o o F= T g o [T gl o 1 F= T o S RTPPPPPN 36

Vi



A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

7.

IR TR B 1 1Y ox U =1=] (o o TN 43
Analysis of Elements at Risk KelurahanSewu..............ccoocii e, 44
6.1. Information of household building StrUCIUre ..ccceeeeeei i 44.
6.1.1. Building description from building inventory ............cccccoccvcviieeiiiineeee. 44
6.1.2. Height of ground floOr...........cooeeiiiiiiiceeee e 49.
6.1.3. NUmMber Of FIOOIS .........oooiiiiiiiiiiiiiet s A9
6.1.4. BUIIAING AQE .oeeieiiiiiiiiiieiieiiiieiittittmmm s s e e a e s e s e e n e e e e e e e e e eaeaaaaaaaaanaas 50
6.1.5. BUIIAING SIZE ...evvvvviiiiiiiiiiiiiiiiiiiterre e aa e 51
6.2. Building Contents and OUtSide PrOPertY ......coceeeeuemiimiiiiiiiiiiiisinninnenneneeeea 52
6.3. Information of Socio-economy of people at risk.............evvveiviiiiiiiiniiiieninenn 54
6.3.1. Age diStribULION .....ccoeiiie e 54
6.3.2. Gender diStriDULION ...........cooiiiiiiiiit ettt 55
6.3.3. The LIVElIN0O .........oooiiiiiiiieie e 56
IR 0 S | o oo 1 0= PRSI 56
6.3.5. Educational LeVel............cooiiiiiiiiiitmn ettt 57
6.3.6. Period Of StaY ......ccc.uuiiiiiiiee i 57
6.3.7. HOUSING StALUS......uuiiiiiiee ittt ceeeeee e st er e e e e e s aeeeeeneas 58
6.3.8. Size Of FaMIlY.......coviiiiiieiii e 58
B.4. DISCUSSION. ...cciiuiiiiieeiitiiee s ettt e e meemam ekttt e e e et e e skt e e s et et e e s easb e e e esre e e e s anrbeeas 59
Analysis of Vulnerability Assessment t0 FIOOiNG.uu..ccvoeoiiciiiiiiiiiieeeeeciiiieceee 60
7.1. Vulnerability of Structural type of household buiid.............ccccceeeeiiiiiiiiienn, 60
7.2. Vulnerability of Building Contents and Outside PeO.............cccccvveeeeeiinnnennnen. 65
7.2.1. Vulnerability of Building CONteNtS .........coiveeeeeeeeieiiiieieeee e 65
7.2.2. Vulnerability of Outside Property .........cccccevvvveeiirieeeeieeisiiiieeeee e e ee s 69
7.3. Social Vulnerability of People........ooiiieeeee 71
T4, DISCUSSION....cccii i e et ere e e e e e e e e e e

Conclusion and Recommendation
S T R O 0T (o] [ V1= (o] o [T

8.2. Contribution of this research

8.3. Recommendation for further research ........ccceeeevivviiiiiiiiiiiiiieiiieneeeeeeen ol
LR LT (=T (=] A L0 1 T 78
Y o] 1= o 15RO 81

Vii



A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

List of Figures

Figure 1-1. Floods and Landslide in Central JavhEast Java Provinces...........c.c......... 1.
Figure 1-2. Outline of the reSearch ... 4
Figure 2-1. Surakarta City MaP .....ccvvvieiiiiee i e e e e saennee e e e sneneeeeee s 8
Figure 2-2. Administrative ladder of Central JavavnCe............ccccccovviiiiiiiiiiiiieie e 9
Figure 2-3. Percentage of Land utilization in S@rék City .............ccccvvviiieeeeneiiiiiieenennnn 10
Figure 2-4. Bengawan Solo CatChment ar€a...cccccccevveeeeeieeeei i e eseeeeee e 10
Figure 2-5. Existing Drainage of Surakarta City.........ccooeeveriininiineeeeeeeeeeeeen e 11
Figure 2-6. Surakarta flood area in 1966 and 2007................cevvveerirrimmniininnrenienennreneeee 11
Figure 2-7. Rainfall report in Pabelan Station 2007................uuuvviiiiiiiiiiieiiineneae. 12
FIQUIE 2-8. STUAY @I a.......cciiiiieieeee s s oot e e sttt e e ee e e e e s s e sntntbeeeeeeenessaeeeneeeeessannnnnneees 13
Figure 2-9. DEM with Dike elevation (a) and Lané wsKelurahanSewu (b).................... 13
Figure 2-10. Flooding on 27 December 200R&lurahanSewu, Jebres sub-district,
SUFBKAITA ...ttt e et e e e e e e e e s bt e e e e e e e e e e e s snmmne e e e e e e e annnneneeas 14
Figure 2-11. General overview KEIUrahanSewu ............ccccvveiiiiiiiiiiiiiiee e 15
Figure 3-1. Research conceptual framework .....ccccc..veveviiiiiiiiiiiee e 18
Figure 3-2. Sampling method illuSLration .......ccceeeeei oo 21
Figure 3-3. Spatial distribution Of reSPONUENTS.cuee.vvvvvvriiriiiiiiiiiiirer e 23
Figure 3-4. Fieldwork eqUIPMENTS ..o 23
Figure 3-5. Building inventory during fieldwork............ccccccoooiiiii e 23
Figure 3-6. Interview and measuring flood mark dgrihe fieldwork..................ccc......... 24,
Figure 3-7. The Quickbird image obtained from Gedgarth.............cccceevvvviriiiiiiiiiiiiieen 25
Figure 4-1. PKK inrRW9 (a) FGD with Karang TarurRW?7 (b) and Arisan Bapak-bapak (c)
.......................................................................................................................... 29
Figure 5-1. Spatial distribution of flood eventdelurahanSewu in 2008-20009................... 30
Figure 5-2. FGD activity in RW VIKelurahanSeWU..............ccccvviirieeeeiiciiiiiieecc e 31
Figure 5-3. Rainfall totals in some parts of Indgiadrom the TRMM-based....................... 31
Figure 5-4. The house collapse during flooding ac@mber 2007.............ccccvvvveeveeeeenn 32.
Figure 5-5. Gumbel probability graph .........ccccceuviiiiiiiie e 34
FIQUIE 5-6. PGIS GCHVILY ....ccceviiiiiiiiiieeeeees sttt naaa e e e e e e e e ae e e 35
Figure 5-7. FIood-depth POINTS .......oiiiiiiieriie et e e e e e e 36
Figure 5-8. Graphs of Gaussian semi-variogram moftiiébod depth .....................oo 38
Figure 5-9. Graphs of Gaussian semi-variogram mofiiébod duration...............cccccceeeene 38
Figure 5-10. Interpolated map for flood depth (@) #ood duration (b) ............ccevvveneeen. 39
Figure 5-11. Flooded area of flood 2007 .....cccooriiiiiiiiiiii e, 40
Figure 5-12. The technical risk assessment by &stiy(2009).........ccccccccviiiiiiiiiiiinnnnen. 40
Figure 5-13. General overview of Flood event inldie December 2007 ..........ccccccevvinnnnee. 41
Figure 6-1. The types of floor (a) ceramic (b) a@be (C) ground ............cccvvvveverereeerieennad 44
Figure 6-2. Distribution Of floOr tyPeS......cccmeeiiiiiie e 45
Figure 6-3. The types of wall (a) bamboo (b) biickconcrete (d) mixed (e) wood............. 45
Figure 6-4. Distribution of Wall tyPeS........ccceeeviiiei e 46
Figure 6-5. The types of roof (a) asbestos (b) @AZINC.........ccvvvevveiieiiiii e 46
Figure 6-6. Distribution of roof types ........ccvoeiiiiiiie e a7
Figure 6-7. The common structural typeKelurahanSewu ..............ccccvvviee i 48
Figure 6-8. Distribution of structural types of lsehold buildings..........cccooevieiiiiiii ot 48
Figure 6-9. The frequency of common structural sypehousehold buildings ..................... 48
Figure 6-10. The height of ground flOOr ......cccceriiiiiiiii e 49
Figure 6-11. The floor height measurement (a) Tifferént floor level (b)........................ 94
Figure 6-12. The number of floors of householddialS ...........uvvveiieieiieiiiiiiriee e s 49
Figure 6-13. Distribution of household buildingsed on the number of floors................... 50

viii



A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

Figure 6-14.
Figure 6-15.
Figure 6-16.
Figure 6-17.
Figure 6-18.
Figure 6-19.
Figure 6-20.
Figure 6-21.
Figure 6-22.
Figure 6-23.
Figure 6-24.
Figure 6-25.
Figure 6-26.
Figure 6-27.
Figure 6-28.
Figure 6-29.
Figure 6-30.
Figure 6-31.

Figure 7-1.
Figure 7-2.
Figure 7-3.
Figure 7-4.
Figure 7-5.
Figure 7-6.
Figure 7-7.
Figure 7-8.
Figure 7-9.

The age of household BUIldINGS ....eeeeiiiiiiiiiiiiiii s 50
Distribution of household buildingsban their age.........ccccceevveeeiiiivt e 51
The size of household buildingS e, 51
Distribution of household buildingsbkd on the size............cccccvviiviiiii e 52
Building contents (a) Outside propéblyin KelurahanSewu.......................... 53
Total value of building contents (ajl @utside property (D) ..........cccoevunnee 53
Total asset of respondentEéfurananSewu ............c..eeevvveeeiniiiiiiiiereee oo 54
Age Of FESPONUENTS.....oiii i 55
Age of family members.........ccccecei 55
Gender diStHDULION. ......coouieeee et 55
Livelinood Of reSPONUENTS......ucumeeeii i 56
Distribution of livelihood of reSpomds.............ccccceeiiiiiiiiiieieee e e 56
INncome Of rESPONAENLS .........ceeeeeeiieee e e 56
The educational level of respondentS..........ccccceeieiiieeeeee e, 57
Period of stay in the Village..............ueiiiiiiiiiiiiiii e 57
Distribution of ownership of hOUSES. ..., 58
Ownership of household BUIINGS.cueaee.eeveniiiiiiiiieeee e 59
Size Of faAMIIY coeee e 59
Examples of damage to structural oskebold buildings..........ccccevvvvviiininnin 6l
Vulnerability curve of structural tyfe..............uvvvvviiiiiiiiiiiniiiiiiiemmemeeeeeeeas 62
Vulnerability curve of structural type.........ccccceeeiiiiiiiiiiiiieee e 62
Vulnerability curve of structural tyfe.........cccvveeeriiiiiiiiiiiiee e 62
Vulnerability curve of structural tyBe..........ccccceeeviviiiiiiiiiiee e 63
Comparison of vulnerability curves &irstructural types.............ccooeeee e 63
The uncommon structural types of hoolsebuilding inKelurahanSewu ........ 64
Vulnerability Map of structural hous&hbuildings...........cccccceeeiiiiiiiiiiicees 65

The damage of building contei¢g electronic device do not work (b) wooden

furniture may become so badly warped (c) furniame electronic device had

Figure 7-10
Figure 7-11
Figure 7-12
Figure 7-13

damage (d) the document was S0aKEed ........ccceeeeeeieeiiiciiiiiiiriee e 66
. Damage estimation of building conteotselated with flood depth................. 68
. Vulnerability map of household builglicontents ..............coevvvevveiiiiviiiininnn. 69
. Damage of OutSIde PrOPEIY ....cveeiieeiieiie e 70
. Damage value map of outside Property........cccccccvvevierieieiereeeieiieiiieneeneeens 71
. Social vulnerability Map........ .o eeeeeeeuurmimmmiiii ... 73

Figure 7-14




A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

List of Tables

Table 1-1. Research questions and research olf8CHV. ...............ccccviiiiiiiiii i scceeeeee e, 3
Table 1-2. Overview of types Of [0SSES.....ococeeeiiiiie et 7
Table 2-1. Population of Surakarta City ......ccccceceeieieiiiiiiiicceeee e 9
Table 2-2. House affected by the 2007 flood in Villages of Surakarta City..................... 12
Table 2-3. Flooding event 2007 — 200Ki@lurahanSeWU .........ccccoeeeiiiiinieiiieieeeeeeeeee oo 14
Table 3-1. Research questions and MethodsS .coveeeeevivieiieiee e 17
Table 3-2. Required data and the data SOUICeS................coovviviiiiviiiiiiiiiiiereeee e 19
Table 4-1. The distribution of age and gendeféturahanSewu ..., 27
Table 4-2. The distribution of people educatiolelurananSewu ..............occccvvveeeveeeeennin, 28
Table 4-3. The livelihoods of people@lurahanSewu ..............ccccvvieeiieeeeeiieciiiiceeee . 28
Table 5-1. The water height level and the peakhdigge yearly of Bengawan Solo River from
Jurug water level gauge from 1966 until 2007 ......cceevvvvveeveivevieiiiiiiiiiieiiennnnen. 33
Table 5-2. Calculation for return period using G@iniethod................evvvviviviiiiiiiiiineen 34
Table 5-3. Return period of different discharges...........ccccceeviiiiiiiiie e 35
Table 5-4. Discharge with return Period ... .o vie e 35
Table 5-5. The distribution test of points of fleddpth and flood-duration..................... 37..
Table 6-1. Building inventory WithiRT SAMPIE........cccouiiiiiiiiiiie e 44
Table 6-2. Floor types of building INVENTOIY ..cccee..vvveiiiiiiicc e 45
Table 6-3. Wall types of building iNVENTONY ...........euuiiiiiieiiiiiieeee e 46
Table 6-4. The roof types of building INVENTONY ....evvviiiiiiee e 47
Table 6-5. Percentage of occurrence of structypad in Kelurahan Sewu .......................... 47
Table 6-6. The correlation between income and vafumiilding contents ..............ccccceee.... 57
Table 7-1. Description for damage ClasS.....ccceieee et 60
Table 7-2. Vulnerability scale of structural typehousehold building.....................oooooeee 61
Table 7-3. Final vulnerability value of building@tture .............ccccovveee i 64
Table 7-4. Final vulnerability class for structutgbes of household buildings................. 5.6
Table 7-5. Damage cases on building contents witB&hrespondents............cccceveeeeeennnn. 6...6
Table 7-6. Contents estimation based on the indews of the household building............ 67
Table 7-7. Damage stage of building CONTENTScuaauee.eiiiiiiiiii e, 67
Table 7-8. Correlation between damage stage aflingilcontents and flood depth .............. 68
Table 7-9. Vulnerability value for household buildicontents.............ccccccocviveeiiiiieeeen. 68
Table 7-10. Vulnerability class for household bimtgicontents ...................oooo el 69
Table 7-11. Vulnerability value of outside propentighin 12 damage events............ccc....... 70
Table 7-12. The weighting matrix of social vulnalipof household...............ccccceeeennnn 12
Table 7-13. Vulnerability class for social vulnefdp................cooeeeeeeie 74




A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

List of Appendices

Appendix 1. The QUESHIONNGAIIE .............. wmmmmmre e eeeeesaeeitieeereeeeesassnsseeeeeeeanssasseneeeeeeeaeeanns 81
Appendix 2. Sample point determiNation ...... . .eeeierieiiii e 86
Appendix 3. The victims and the flood depth in floavent 2008-2009 ............cccccevveeeernnns 88
Appendix 4. Vulnerability analysis of building c@mts..................cccoeeiiiiiini e, 89
Appendix 5. Function of vulnerability scale of sttwral type of household building............ 90

Xi



A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;

a case study in Kelurahan Sewu Surakarta City, Indonesia

Abbreviations

ADPC Asian Disaster Preparedness Centre

Arisan The activities of community to collect mon@ysupport
the community

Bappeda Badan Perencanaan dan Pembangunan Daerah
Development and Planning Board

BPS Badan Pusat Statistik
Central Bureau of Statistics

Bakosurtanal Badan Koordinasi Survey dan Pemetaan Natsional

BBWS Bengawan Solo

DEM
DPU

FEMA
GIS
GPS
ILWIS

Karang Taruna

Kelurahan

Kerja bhakti /Gotong Royong
Kesbangpollinmas

NGO
PGIS
PKK

RBI
Ronda
Rp

RT

RW
SPSS
UNCHS
UNDRO
UN-ISDR

UNS

National Coordinating Agency for Surveys and Maygpi
Balai Besar Wilayah Sungai Bengawan Solo

The Main Bureau of Bengawan Solo River

Digital Elevation Model

Dinas Pekerjaan Umum

Public Work Office

Federal Emergency Management Agency
Geographic Information System

Global Positioning System

Integrated Land and Water Information System
(software)

The youth organization

Village

Working together ie tommunity to help each other
Badan Kesatuan Bangsa, Politik dan Perlindungan
Masyarakat
Nation Unity, Politic and Community Protection Ay
Non Government Organization
Participatory Geographic Information System
Pembinaan Kesejahteraan Keluarga
Family Welfare Assistance
Rupa Bumi Indonesia
Topographic Map of Indonesia
The activities of community to patrol aregyhlkeorhood
Rupiah (Indonesmcurrency)
Rukun Tetangga
sub area oRW
Rukun Warga
sub area of village

Statistical Product and Service Solution\swé)
United Nations Center for Human Settlements
United Nations Disaster Relief Organization

United Nations International Strategy foris&@ster
Reduction

Sebelas Maret University, Surakarta

Xii



A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

1. Introduction

This chapter describes the general overview ofréisearch, consisting of the background of
the research, the research problems, the reseafijbctives, the research questions, the
benefit of research, the limitation of researchdahe thesis structure. This chapter also
describes the literatures used in this researctstdrted with the definition of flood hazard,
vulnerability and participatory GIS.

1.1. Background

Indonesia is suffering from flood hazard. The fldwakzard event occured frequently during
the rainy season. Flood caused property damagesioasdof life. The loss attained to
quintillion of rupiah such as houses, livestockdga public facilities etc.

Some parts of Java Island were struck by flood landslide on Wednesday, 26 December
2007. The incident was caused by heavy rainfathat area. In Central Java Province,
eleven districts and cities were struck due to évsnt. There were Karanganyar, Cilacap,
Wonogiri, Sukoharjo, Sragen, Tegal, and Surakaiitgt. CSpatial distribution of the 26
December 2007 event is shown in Figure 1-1. BasedHabitat for Humanitarian
International Report (http://ochaonline.un.orgdofil swept through four sub-districts (Jebres,
Pasar Kliwon, Laweyan and Serengan) in Surakarty €ircing more over 11,000 houses
inundated.

The Surakarta City is located in Central Java. desguhically, the City is located between
hills and mountains and it is considered as tharaaintermountain basin, where the area is
prone to flooding. Since the last 50 years, thefloigd event, which occurred on 16 March
1966, was considered as the largest flood disabter flood which occurred after continuous
rain in several days has caused about 13,000 peopheless (Daily Armed Forces, 1 May
1966 in Cahyono, 2008). Floods also caused danmateetagricultural land. This condition
addresses a need of a reservoir to control water the upper part of Surakarta. In the early
1970s, a reservoir was realized in the upper paBuvakarta, in Wonogiri District, called
Gajah Mungkur reservoir.

Floods and Landslides in Central and East Java Provinces (as of 1 January 2008) S <5 : -
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Figure 1-1. Floods and Landslide in Central Java and EestRravinces
Sourcehttp://ochaonline.un.org/MapCentre/ThematicMaps/tabid/38téliage/ fr-FR/Default.aspx

L o -}




A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

Several large flood events have been recorded; grtteem are a flood in Bengawan Solo
1863, a flood in Ngawi in1887, a flood in Surakartal966, and in 1968 in Lamongan. The
physical characters characteristics, such as gpbgrdopography and river flow geometry,
have an impact on the hazard susceptibility in IGarta.

The population has in Surakarta City dramaticaligréased since last 5 years. In 2000 the
population of city was about 550,251 people antthéyear of 2005 the population was about
560,046 (Bappeda, 2008). Part of the populatidndated in flood prone areas. These areas
usually lack governmental supervision in termshaf building permits and land use changes
and as a result the rapid development of the st has increased the vulnerability and risk
of the people and area.

Strengthening and raising public awareness of isgsone areas is necessary in order to
reduce the vulnerability and risk. Community papdion should be at the heart of natural
disaster mitigation policy and practice. The comityushould be involved in the flood
assessment because community members have exgetdeassess flood duration, depth and
damage. Their knowledge is very important to imgrpveparedness and mitigation to reduce
impact due to flood hazard.

The research is focused on a local scale, andssdban community knowledge of, flood
hazard, identify the element at risk, and assessuerability of each of the element at risk
in flood prone areas of Surakarta City.

1.2. Research Problem

Usually flood hazard mapping and vulnerability asseent have been conducted by expert
judgment. The community is rarely involved in thazhrd mapping and vulnerability
assessment. However, the best flood hazard magpidgvulnerability assessment must be
based on the combination between expert judgmehtammunity participation.

Mapping of flood and assessing vulnerability atnmilevel based on community knowledge
have not been done yet in the study area. Forrézeson, this research intends to evaluate
community characteristics related to flood hazdaodmap the flood danger, identify the
elements at risk, and assess the vulnerabilityof @f the elements at risk.

1.3. Research Objectives

The objective of this study is to evaluate the camity characteristics, to map the flood
danger, to assess elements at risk and vulneyatiilftood, based on community approach.
More specific objectives are;

1. To evaluate the community characteristics for doaitmerability of floods.

2. To create a flood danger map based on the 2004 flagent which includes
community knowledge.

3. To identify and classify the elements at risk, fyge of buildings, building contents,
outside property, and socio economic people.

4. To assess the vulnerability related to elementssht(structural type of buildings,
building contents, outside property and socio-econof people).

1.4. Research Questions
Research question has been formulated and it isrshoTable 1-1.
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Table 1-1. Research questions and research olgsctiv

No Objectives Research Questions

1 To evaluate the communityWhat are the community characteristics in study
characteristics for social area?
vulnerability of floods.
2 To create a flood danger map basatthere is the flood hazardous area?
on the 2007 flood event which
includes community knowledge.
3 To identify and classify the element&Vhat are the structural types of household building
at risk, i.e. type of buildingg,in study area?
building contents and outsid
property and, socio economy
people.

e%Nhat are the building contents and Outside propgrty
0
in study area?

What are socio economies of people at risk in study
area?

How is the spatial distribution of the elements at fisk
in study area?

4 To assess the vulnerability related| tdvhat is the physical and social vulnerability to flopd
key elements at riskgtructural type| in study area?
of buildings, building contents,
outside property and socio-econom
of people )

What are the relationships between flood depth |and
amage in order to assess vulnerability for building
structure and building contents?

How is the spatial distribution of the physical and
social vulnerability to flood in study area?

1.5. Benefit of the research

The research may give benefit for several purpogesh relate to flood disaster management
in local area as given below:
1. It provides necessary information related to comityucharacteristics in relation to
flood hazard in flood prone areas.
2. It represents the flood danger map based on th& #66d event which includes
community knowledge.
3. ltrepresents the elements at risk in relatioidod hazard in flood prone areas.
4. It provides information related to vulnerability as important aspect for the local
government in order to generate the policy and ramogor disaster mitigation.

1.6. Limitations of the research

In this research, the elements at risk are focasefdhysical aspects of household buildings
including building structure, building contents,danutside property as well as the socio
economy aspects of the people in study area.

Information and data related to flood extent amadl duration are obtained based on local
community knowledge. The other factors, such asphaogical and hydrological aspects,
are not taken into consideration.

Because most of the respondents could no longeragiy specific details related flood-depth
and flood duration about the other flood events @&y did not experience with the flood
events, especially the flooding in 1966, this redeanly focused on the 2007 flood event
which was the last greatest flooding that the radpats remember.
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1.7. Thesis Structure

This research focused on four main activities. €hare identifying the community

characteristics, creating a flood danger map wlaoh based on community knowledge,
recognition of elements at risk based on data fiieldwork, and vulnerability assessment for
elements at risk analyzed from social and phygioait of view (see Figure 1-2).

4 7\
Introduction Chapter

& l J/

( N\
Description of Study Area Chapter

A\ l J

4 2\

Methodolo

9y Chapter .

A\ * J

(" . R

Community Characteristics
relation to flood hazard Chapter -

A\ J

4 ¢ 2\
Mapping Flood Hazard Chapter

A\ * J

4 2\
Analysis of Element at Risk Chapter |

. J/

4 l 2\
Analysis of Vulnerability Chapter

& l J

4 . 2\
Conclusion an_d Chapter

Recommendation

A J

Figure 1-2. Outline of the research

The structure of this thesis consists of eight tdrapas follows:

Chapter 1 — Introduction

This section will include the background of thee@gh, the research problems, the research
questions, the research objectives, the benefii@fresearch, the limitation of the research,

and the thesis structure. Chapter 1 also desdtileel#eratures used in this research. It started
with the definition of flood hazard, vulnerabilignd participatory GIS.

Chapter 2 — Case Study AreaKelurahan Sewu, Surakarta
This chapter describes the characteristic of thdystrea focused on the demographic and
physical aspect.
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Chapter 3 —Research Methodology
This chapter highlights the research methodologychvidivides into three stages: pre-
fieldwork, fieldwork and post-fieldwork.

Chapter 4 — Community Characteristic inKelurahan Sewu

This chapter describes about community charadesittiat have relation to flood hazard for
social vulnerability.

Chapter 5 — Mapping Flood Hazard inKelurahan Sewu
This chapter discusses about flood hazard inclutioayl depth and flood duration based on
the community knowledge.

Chapter 6 — Analysis of Element at Risk irKelurahan Sewu
This section presents the elements at risk inctyghinysical household building and socio-
economy of people in study area.

Chapter 7 — Analysis of Vulnerability Assessment tdlooding
This chapter explains both physical and social endhility considered with building
structure, building contents, outside properties tie characteristic of the people at risk.

Chapter 8 — Conclusion and Recommendation
This chapter provides the conclusion and recomntendaof this research.

1.8. Literature Review

1.8.1. Flood hazard

There are many different definitions of hazard.iB&et al. (1994) defines hazard as “the
extreme natural events which may affect differdat@s single or in combination at different
times over a varying return period”. On the othemndh according to Asian Disaster
Preparedness Center (ADPC) (cited from Kafle andskled, 2006), “hazard is an event or
occurrence that has a potential for causing ingutee life and damaging property and the
environment”. In order to know the important thimgdefinition of hazard, UN-ISDR (2004)
in Alkema et al. (2009) proposes four elements Whice a probability, a specific period of
time, a specific area, and the intensity. Hazeaetited to geological and geo-morphological
processes, such as earthquake, volcanic, eruptiandslide and floods, are called geo-
hazard. Rossi et al. (1994) define floods as exterhigh flows of river, whereby water
inundates flood plains or low laying area. Floodzdrd can be measured by probability
occurrence of their damaging values, conceived rgdpes flood risk, or by their impact on
society, conceives usually as the loss of lives araderial damage to society.

B.Merz et al. (2007) explain a flood hazard maj asap that shows the inundation area for a
scenario with a certain return period in singleseveral flood scenarios. The maps illustrate
the intensity of flood situations and their assteriathe exceedance probability. Whereas, the
maps without the exceedance probability called dlatanger maps which is illustrated
historic or synthetic flood events.

Flood is called a natural disaster, when they oatwarea occupied by human. The disaster
can involve the loss of human life and propertyspkerious disruption to the ongoing
activities of large urban and rural communitie=.

Based on floods occurrence, FEMA (Federal Emergedeynagement Agency) (1997)
divided floods in six major classes. They are iiverflooding, alluvial fan floods, ice jam
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floods, dam break floods, local drainage and higbugd water level and fluctuating lake
level.

Most of floods in Indonesia belong to the riverftemds which occur in low-land floodplains.
The floods are caused by high intensity and dumatforainfall making a body of water rise in
the river so that overtop natural or artificial karof a river.

1.8.2. Vulnerability

The widening of the concept vulnerability was désmst by Birkmann (2006), starting from
definition only related to physical vulnerabilitynti more complex definitions which are
influenced by physical, economic, social and enwinental factors. The conceptual
difference of vulnerability arises from differentipt of view from many disciplines, such as
civil engineering, geography, social science (Bigkim, 2006; Sagala, 2006; Marschiavelli,
2008).

Blaikie et al. (1994) define vulnerability as theacacteristics of a person or group in terms of
their capacity to anticipate, cope with, resist amcbver from the impact of a natural hazard,
which includes a combination of factors. Thesetdiagc determine the degree to which
someone’s life and livelihood are put at risk bgliscrete and identifiable event in nature or
society.

Asian Disaster Preparedness Center (ADPC) (citeoh fKafle and Murshed, 2006) stated
vulnerability as a condition or sets of conditidhat reduces people’s ability to prepare for,
withstand or respond to a hazard.

Pelling (2003) has introduced vulnerability as ¢ixposure to risk and the inability to avoid or
absorb potential harm. Three components of vulnil@gabccording to Pelling are physical
vulnerability as the vulnerability of the physicahvironment, social vulnerability as
experienced by people and their social, economig] political systems and human
vulnerability as the combination of physical andiabvulnerability.

According to UNDRO (1991) in Sagala (2006) vulndigbcan be defined as the degree of
loss of a given element at risk or a set of sueilmehts resulting from the occurrence of a
natural phenomenon of a given magnitude and exguess a scale from 0 (no damage) to 1
(total loss).

Kingma and Westen (2009) stated vulnerability iarftypes:
1. Physical vulnerability, the potential impact forysical environment or infrastructure
of population.
2. Economic vulnerability, the potential impact of hed on economic assets and
processes.
3. Social vulnerability, the potential impacts of evgroups.
4. Environmental vulnerability, the potential impaofsevents on the environment.

Different types of losses can be analyzed usingctilosses or indirect losses. The type of
losses can be in term of human-social, physicalinemic and cultural/environmental (see
Table 1-2) The most frequently evaluated in theaslier study are fatalities, injuries,
structural damage or collapse to buildings, and-stactural damage to contents (Kingma
and Westen, 2009).
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Table 1-2. Overview of types of losses

Human-Social Physical Economic (_:ultural
Environmental
Direct » Fatalities e Structural damage ¢ Interruption of business ¢ Sedimentation
losses * Injuries or collapse to] due to damage toe« Pollution
« Loss of income off  buildings buildings and| « Endangered
employment « Non- structural|  infrastructure species
+ Homelessness damage and  Loss  of  productivel « Destruction of
damage contents workforce through|  ecological zones
e Structural damage fatalities, injuries and « Destruction of
infrastructure relief efforts cultural heritage
« Capital costs of responge
and relief
Indirect | « Diseases * Progressive » Economic losses due toe Loss of
losses * Permanent deterioration of| short term disruption of biodiversity
disability damaged buildings activities e Loss of cultural
« Psychological and infrastructurg « Long term economig¢ diversity
impact which are not| losses
e Loss of sociall repaired « Insurance losses weakeh-
cohesion due td ing the insurance market
disruption of ¢ Less investment
community « Capital costs of repair
* Political unrest * Reduction in tourism

Source: Kingma and Westen (2009)

In order to assess the vulnerability, several thalge been developed. Polsky (2007) divided
eight steps approach to assess the vulneragiiity:

Define the study area together with stakeholders.

Get to know the place over time.

Hypothesize who is vulnerable to what.

Develop a casual model of vulnerability.

Find indicators for the elements of vulnerability.

Operationalize models of vulnerability.

Project future vulnerability.

Communicate vulnerability creatively.

ONoOR~wDOE

1.8.3. Participatory GIS (Geographic Information System)

Working with small scale communities is very import to understand the vulnerability of a
certain area. Local community provides necessafyrrimation and knowledge related to
causes, effects, and the way to cope with the Hazocio-economic characteristics of
community are the key factor influencing the mitiga action for flood hazard (Marfai et al.,
2008)

According to Westen et al. (2009) local knowledgan cprovide some information
including:

Historical disaster events and the damages they tavsed.

Elements at risk and how they value them.

The factors contributing to vulnerability.

The coping strategies and capacities to face diststers.

Several tools were developed to assemble the imftom They are Capacity and
Vulnerability Assessment (CVA), Hazard, Vulnerailand Capacity Assessment (HVCA),
and Damage, Needs and Capacity Assessment (DNCA).

: =
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2. Case Study Area:Kelurahan Sewu, Surakarta

This chapter explains about the general overviewtled study area focused on the
demographic and physical aspect.

2.1. General Information of Surakarta

Surakarta City is the center of politics, economy aulture in the Eastern part of Central
Java Province. The popular name of the city is 6Sd&urakarta City is located about 65 km
Northeast of Yogyakarta, and 100 km Southeast ofédang. Bengawan Solo River borders
the town in the Eastern part. This river is theglest river in Java Island. It flows through the
Surakarta City to the Java Sea.

The geographic region of Surakarta is located betwdl0 © 45" 15"- 110°45' 35" Eand 7 °
35' 00"- 7° 56' 00" S or in UTM 474412-485510 mk &168438-9160402 mN within the
area of 44.04 kmz (see Figure 2-1) with the bouedas following

— North boundary : Boyolali Regency and Karanganyegdtcy

— South boundary : Sukoharjo Regency

— East boundary : Karanganyar Regency and Sukohagerty

— West boundary : Karanganyar Regency and SukoRagzncy

474000 477000 480000 483000 486000
1 1 1 L 1
Surakarta City
e 9
— ‘_": i, ] Karang Anyar Regency
-_.-\-":hf_ N
2 \\'@ E 2
oyolz Reger
E' i Boyolali Reggncy ' 'E
& by
1 0.5 0 Kikeretars
[ ]
Banjarsari Sub-district
Jebres Sub-district
= =]
3 8
I b Lawelan Sub-distict o7 + 2
a Karang Anyar 5
Regency
Bengawan Solo
(=3 i =3
] e River g
bt + Sukonarj egency + i
& &
Map Projection UTM 49 S
Datum WSGS 1984
i 1 T I T
474000 477000 480000 483000 486000

Figure 2-1. Surakarta City Map

Administratively, Surakarta is located in Centrald Province. The City is divided into 5
sub-districts, and 51 villages. The numbeR&Y (sub area of village) was 595 and 2.66D
(sub area oRW). Figure 2-2shows the administrative ladder of Central JavaiRoe.

: =S

L o -}




A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

[ Provincial Government ]

| v |
City (Kota) or Regency City (Kota) or Regency City (Kota) or Regency
(Kabupaten) (Kabupaten) (Kabupaten)

A 4
Sub-district Sub-district
v

[ Village ] [ Village ] Village
[
Rukun Warga Rukun Warga
(RW) (RW)

I v I

Rukun Tetangga Rukun Tetangga Rukun Tetangga
(RT) (RT) (RT)

Figure 2-2. Administrative ladder of Central Java Rrogi
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Since the 18 century, the city has been expanding from its reémtalace. This city is
considered as the most crowded city in the Provin&irakarta City consists of 5 sub-
districts in which the overall number of populatisras about 564,000 inhabitants with
population density 12.827 persons per square kierseTable 2-1 reveals the population of
the Surakarta City. Bappeda (2008) stated an gggrapulation growth rate of Surakarta is
about 0,354% per yeé:.

Table 2-1. Population of Surakarta City

_ 2 Inhabitant
No Sub-District Area (km°) Number Density

1 Laweyan 8.64 109,447 12,667
2 Serengan 3.19 63,429 19,884
3 Pasar Kliwon 4.82 87,508 18,155
4 | Jebres 12.58 143,289 111,390
5 Banjarsari 14.81 161,247 10,888

Total 44.04 564,920 12,827

Source: BPS (2008)

Man power is the most important thing for the depehtent dynamics. The total number of
working population in Surakarta based on BPS (2028 401,411 people or 71.06 % of total
population of Surakarta. Most of them work as woskef constructor (63,114 people) and
Industry workers (74,655 people). The other workessrk as farmers, farm workers,

entrepreneur, retailer, transporter, and civil aetipolice.

Statistic data from BPS (2008) showed that almhsifdaotal area of Surakarta occupied by
building consisted of housing (62%), services (10&stablishment (7%), and manufacture
(2%). The rest is covered by bare land (1%), dng I2%), wet land (3%), cemetery (2%),
and city park (1%) (see Figure 2-3).
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Figure 2-3. Percentage of Land utilization in Surakartg Ci
Source BPS (2008)

In general, Surakarta City is a lowland area ang libcated in intermountain basin between
Lawu Mountain in the eastern part and the MeragiMerbabu Volcanos in the western part.
It is located within the Bengawan Solo River Catehnin(see Figure 2-4).

LeTaeme

O Liem

Bengawan Solo
catchment area

PROVINSI JAWA TENGAH

Surakarta City

*~  Wonogiri Dam

20 % skm

F ) b, L
oD PN o Ry

Figure 2-4. Bengawan Solo Catchment area
Source: BBWS Bengawan Solo (2009)

Based on DPU (2009), in Surakarta City, ten tribataexist of the Bengawan Solo River.
The function of these natural rivers is acting emary channels draining rainwater runoff.
They are Kali Pepe Hulu, Kali Anyar, Kali Gajah PutKali Boro, Kali Pepe Hilir, Kali
Jenes, Kali Pelem Wulung, Kali Brojo, Kali Tangguid Kali Wingko, which empty into
Bengawan Solo River as shown in Figure 2-5. Tite ltas an elevation of about 80 till 130
above sea level rise and slope vary between 0% 5

10 @
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Figure 2-5. Existing Drainage of Surakarta City
Source: DPU (2009)

According to Setiyarso (2009) the climate type afekarta City, using Koppen Method, is
tropical rain climate type Am. This climate regibas characteristics that the wet months can
compensate for the lack of rain in the dry monthd has a temperature of the coldest month
greater than 18°C. Based on Schmidt and Fergusdmoa, type of rainfall in Surakarta City
is type D in which value Q equals to 60% up to 10@Rainfall is varying with the lowest
rainfall equal to 25.1 mm/year and the highest e¢ua858.2 mm/year. The rainy season
normally starts from November to April and the othnths are dry season.

2.2. Flood Events in Surakarta

Historical record illustrates that some enormoosdk have occurred in Surakarta i.e March
1966, March 1968, March 1973, February 1974, M&@nh5, January 1982, February 1993,
December 2007, March 2008, and February 2009. Tduelihg occurred in 2007 was the
greatest flood after the biggest one in 1966 (sgeré 2-6).

Flooding in December 2007 caused some

g e il  damage and destroyed property. Based on
report of the Unit Disaster Mitigation and
P e el = et Evacuation of Surakarta City, the damage

was about Rp. 21,938,500,000 (EUR
1,534,161) including housing and public
facilty such as office, market,
mosque/church, school, park, electricity,
water facility, and industry. The water
inundated approximately 6,626 buildings

in 12 villages in Surakarta City shown in
e e Table 2-2.
Figure 2-6. Surakarta flood area in 1966 and 2007

Source: Setiyarso (2009)
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Table 2-2. House affected by the 2007 flood in The VillagjeSurakarta City

Outside riverbank Riverbank
No Village Minor Major Major Total
Damage Damage Damage
1 Pucangsawit 635 6 318 959
2 Sewu 71 2 1501 1574
3 Sangkrah 24 10 155 189
4 Semanggi 61 1 62 124
5 Joyosuran 305 0 22 327
6 Jebres 152 0 53 205
7 Gandekan 10 1 1093 1104
8 Jagalan 856 0 0 856
9 Sudiroprajan 51 0 10 61
10 Pasar Kliwon 7 0 0 7
11 Kedung Lumbu 10 0 0 10
12 Joyotakan 660 0 550 1210
Total 2842 20 3764 6626

Source: Kesbangpollinmas (2008)

Hydro-meteorological observations during the flaodhe late December 2007 revealed that
the heavy rainfall was ranged in areas of SuraKesta 600 until 700 mm per month. Figure
2-7 shows the rainfall report in Pabelan statiarrakarta City.

Rainfall in Pabelan Station 2007

800

E 700
E o ?

§500 /
g 4o 2N —e—Rainfall
=300
5200
=
‘< 100
= 9
Jan Peb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mount

Figure 2-7. Rainfall report in Pabelan Station 2007
Pabelan Station (2007)

2.3.Characteristics of Kelurahan Sewu

The research is focused on elurahanlevel. theKelurahanSewu, in Jebres sub-district in
Surakarta, is selected for the study area. Thig Bréocated along the Bengawan Solo River
(see Figure B). KelurahanSewu in Surakarta City is the most frequently fleddrea. It
consists of Rukun Warga35 Rukun Tetanggand 1,959 households (BPS, 2008). About
393 houses lie on riverbanks area, half of then® (2@ildings) are illegal housing which is
laid in state land and poor condition. Many pedpen the surrounding come to city to earn
livelihoods without sufficient assets. They live wacant land or along the riverbanks as
squatters.

The administration boundaries KélurahanSewu are:
North :KelurahanJagalan

East :KelurahanPucangsawit

South : Bengawan Solo River

West :KelurahanGandegan ankelurahanSangkrah
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Figure 2-8. Study area

Kelurahan Sewu, with area of 0.485 Kmhas total of population approximately 8,461
inhabitants. The area consists of 4,144 men arnt74y®men KelurahanSewu, 2009). The
density of people is 17.45 per square kilometeeodgaphicallyKelurahanSewu is located

in the eastern part of Surakarta City and moshisfarea is alluvial plain. The topograpisy
relatively flat with altitude between 83 until 9Bave the sea level (see Figure 2-9 a). Almost
60% land utilization oKelurahanSewu are covered by housing (29.79 ha) and theiges
covered by service (2.45 ha), enterprise (1.16 inaystry (1.73 ha), cemetery (0.20 ha),
sport field (1.00 ha), and others (12.17 ha) (3gerE 2-9 b).
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Figure 2-9. DEM with Dike elevation (a) and Land us&efurahanSewu (b)
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The community in th&elurahanis regularly struck by flood. The largest floodindation,
which occurred on 27 December 2007, caused inwndati the entir&KelurahanSewu (see
Figure 2-10). The flood water ranged from 1 untihdter deep. From 2007 until 2009, there
were 8 flooding events iKelurahanSewu (see Table 2-3).

e . —_i = '_._,__f,_'
Figure 2-10. Flooding on 27 December 200K aturahanSewu, Jebres sub-district, Surakarta
Source: http://www.slide.com/r/FxKg2kWe7j9fZmuvBTBO1xmIgB@EBo?map=2&cy=bb

There are some mitigation measures that were watdgrtin the study area against flooding.
Figure 2-11 shows some important places for mitgaction related to flood hazard in the
study area.

Table 2-3. Flooding event 2007 — 200KielurahanSewu

No Date &?S‘J‘S"SJE%)
1 26-28 December 2007 1753
2 29 December 2007 1175
3 05 February 2008 262
4 09 March 2008 753
5 22 March 2008 224
6 31 January 2009 1242
7 17 February 2009 283
8 25 February 2009 150

Source KelurahanSewu (2009)
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Detail information about Figure 2-11 is describsdalows:

1: Putat water gate is located at Kali Boro. This e @f the flood sources iKelurahan
Sewu. During the big flood in 2007, the water dgadel damage. The gate could not close,
when the water from Bengawan Solo River increasedy flowed through the gate to
inundate the village.

2: An Earlywarning system is laid iRWIII RT 3. This is one of the structural measures that
was built after big flood 2007. It has the functimninform a critical level of water of the
Bengawan Solo River in Putat area to the commuafign the water from the Bengawan
Solo River increases. It consists of three levellertness. The green lamp/color is alert-I for
getting ready, the yellow lamp/color is alert-lIr fpreparedness, and the red lamp/color is
alert-11l for emergency.

3: Jurug Automatic Water Level Recorder (AWLR) statwas established in 1969 by the
Water Management Board. This station gives infdimnaabout a level of water of
Bengawan Solo River in Jurug. When the river levelach the alarm point, the system
automatically warns the staff who has been respt;$do monitor the level of water. The
alarm point consists of three levels of alertnéRsere are Alert-l which is river levels
reaching 82.73 asl or 6.50 above river surfacestAlevhich is river levels reached 83.73 asl
or 7.50 above river surface, and Alert-1ll whiclriger levels reached 84.73 asl or 8.50 above
river surface (DPU Kota Surakarta, 200€}.

4: Public Senior High School. During flooding in 200this school was used as the
evacuation centre because it is located in highaéitn. Besides this building, the people
stayed in the mosque, dike, and church as the atiaowcentre.

5: Bengawan Solo River, having length 548 km, is tmgeést river in Java Island. Flowing in
the eastern part dKelurahan Sewu, This River was flood source in 2007. Durthg
flooding 2007, the water of Bengawan Solo Riverdéased until 11.45 meter with debit
1,986 ni/second whereas in the normal condition, the higheer level is 4 meter.

6: Dike I (inside) was established in 1910 by Neth®tl&overnment and Sunan Princedom.
It serves as a dike to protect the city, facingdiy into the shape of the river flow. When the
dike was built, the eastern part of the dike waamp, while the west was the residential
solid. But now, the eastern part of the dike isrérsdential solid also.

7: Dike 1l (outside) was established in 1982 by Waflemagement Board. It has functioned
as a dike retaining water from Bengawan Solo Ra®rthe water does not inundate the
surrounding area. During the big flood of 2007, weter did not overtop this dike.

8: Demangan Pump House was established in 1910. Ther&-pump with the capacity of
5.2 ni/second. The pump will be actived when DemangareW\@ate is closed.

9: Demangan Water Gate is located on Kali Pepe Hiliwas built in 1910 by Netherland

Government and Surakarta Princedom. It has thetiimdo repulse back water from

Bengawan Solo River when the level of water in@ea3he gate will be closed when the
level of back water from Bengawan Solo River ishieigthan the level of water from Kali

Pepe Hilir.

10: River junction between Kali Pepe Hilir and Bengav&uoio River. Some parts of edge of
Bengawan Solo River are laid gabion constructionzrétect the land from landslide.

© @

L o -}




A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

3. Research Methodology

This chapter introduces the methodology and thecgss of this research which is divided
into three parts pre-fieldwork, fieldwork, and post-fieldwork. Eastage describes in deep
discussion.

This research is focused on four main activitieberg are identifying the community
characteristics, creating a flood danger map basethe 2007 flood event which includes
community knowledge, recognition of elements ak timsed on data from fieldwork, and
vulnerability assessment for elements at risk aalyfrom social and physical point of view.
The general steps of this research is shown ineTadl.

Table 3-1. Research questions and methods

'Sup Research questions Methods
objectives
1 What are the communitye To collect secondary data from local
characteristics for social vulnerability government
of floods? « To do field observation
¢ To interview community
2 Where is hazardous flood area? * To apply Participatory GIS with brougit

the imagery, map of study area, GPS and
interview household

« To take point with GPS about water depth
and duration of flood

¢ To digitize the boundary

¢ To classify the level of flood

3 What are the structural types pt To perform field survey

household building in study area?« To take point with GPS

¢ To classify the building structure

What are the building contents and To  perform  field survey  using

outside property in study area? questionnaire
¢ To classify the building contents and
outside property

What is the socio-economy of e To perform field survey using

people in study area? questionnaire and observation
e To record the socio economy of people| at
risk
How is the spatial distribution of e To plot the classified of the elements |at
element at risk in study area? risk spatially
* To make a distribution of the elements|at
risk
4 What are the physical and socifab To perform field work survey using
vulnerability to flood in study area? guestionnaire

¢ To classify the damage
What are the relationships betwegm To interview about element at risk using
flood depth and damage in order {to  questionnaires about the damage
assess vulnerability for buildinge To classify the damage due to water depth

structure and building contents? « To analyze the data for each element at
risk.

How is the spatial distribution of the | « To plot the classified of the damage

physical and social vulnerability to spatially

flood in study area? * To classify the vulnerability

¢ To make a vulnerability map
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The research methods are represented in a contépmawork as shown in Figure 3-1.

Literature Quickbird Topographic Map Contour Map
review Imagery (1:25.000) (1:10.000)

Spatial data

Digital
| Contour Map

S S 74 Converting & N\ | Digitizing
Study area Georeferencing Contour line
S - | 1

Digital Elevation

o v = o eee— Y A BT V)

PurPOSive jrggmm o E————————— ————
Secondary Data Sampling [ P — -
Collection ===
Collected from local
government

::

Interview,
Observation,
Measurement

- People’s socio-economy
- Building structure Flood depth‘ &
- Building Contents Flood duration
Social Vulnerability
Flood vulnerability Flood danger
assessment Physical Vulnerability map
Expressed the Result

Discussion
Conclusion

Figure 3-1. Research conceptual framework

This research consists of three stages: Pre-fiel#t viieldwork and post-fieldwork.

3.1. Pre-fieldwork

In the first stage, literature reviews have bedfected including journals, reports, books, and
previous studies that were related to informatidoud data needs and methods. The
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information was used during field work and datalgsia stage. The questionnaires have
been generated in order to gather the primary fuata the community. The study area have
been selected using purposive multi stage area Isggmwhich divides spatial extent of
sampling into geographic areas (Dewi, 208&rfai et al., 2008). The landuse of the study
area was identified from the imagery. This data used to identify the types of buildings on
the study area during the fieldworik.

3.1.1. Choosing study area

JOGLOSEMAR (Jogjakarta, Solo/Surakarta, Semaramng)tlee cities called The Golden
Triangle in national development of Indonesia. Thies shall be developed economically by
preserving its precious culture and nature, avgidnvironmental damage (Dewi, 2007).
Some parts of Surakarta City suffer flood everyryiearainy season especially along the
Bengawan Solo RiverKelurahan Sewu, one of the most prone areas to flood harard
Surakarta City, was chosen a study area. In gabgetion ofRWand RT sampling, some
criteria were takerRWandRTwere selected based on its distance from the Dijike near
the rivers) and their elevation. The method useti rarmber of sample will be explained in
more detail in Section Sampling Methons.

3.1.2. The Questionnaire

The questionnaires were used to interview the rmadpaot in study area. The questionnaires
are divided into four sections to collect infornoatifrom local community (see Appendix 1).
First section is respondent’s information includegespondent’s profile (age, sex, income,
etc) and building information (building size, build age, administrative, owner, etc). Second
section is focused on the element at risk includindding structure (function, wall material,
floor material, etc) and building contents as vealoutside property (TV, refrigerator, sofa,
table, car, motorcycle, etc). Section three is eomed with flood damages (flood source,
water depth, duration, etc) while section fourbisat flood impact.

3.1.3. Data requirement

Spatial and non spatial data are registered inréssarch. Among the data are presented in
Table 3-2.

Table 3-2. Required data and the data sources

No Data requirement Data sources

1 DEM (Digital Elevation Models) Contour map (1:10.000pm DPU
Surakarta

2 Landuse Quickbird imagery obtained fram
Google Earth

3 Socio economy condition Interview and secondary ¢atige of

building contents, minimum wage, etc

4 Flood source, frequency, duration anBarticipatory GIS and interview
depth
5 Topographic map (1:25.000) Bakosurtanal
6 Elements at risk Landuse map (1:5.000) and observation
7 Physical vulnerability Fieldwork
8 Social vulnerability Fieldwork and interview
9 Flood damage Fieldwork and interview
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The data were collected in hardcopy and softcopynfgovernment official, community
leader, previous research, NGO, etc. The digitéh deere processed using GIS software
where the map projection is UTM (Universal TrangveMercator) Zone 49S and the
coordinate system is WGS (World Geographical Syst&884. Digital Elevation Model
(DEM) was generated from contour map which was eded digitally through on screen
digitizing and added the elevation of the dike. M was processed using tools topo to
raster in ArcGIS 9.2 software. Using Stitch Map#&weare, the Quickbird image of Surakarta
City was copied digitally from Google Earth. Thisage was used to generate the landuse of
Kelurahan Sewu. RBI (topographic map) from Bakosurtanal waed as GCP (Ground
Control Point) in order to make georeference thagen A building footprint map was made
by digitizing on screen the buildings in ArcGIS.wkver, when it was compared in the field
during the ground check, the building footprintadatere not accurate. There were missing
buildings and had new buildings. Therefore, addamgl omitting action should be done
according to ground check. Most of data for analysas collected through fieldwork. The
Quickbird image, the base map, and the buildingtpiaat map have been used in the
fieldwork, especially for the Participatory GIS.

3.2. Fieldwork

The second stage is fieldwork. Inventorying and sneag the elements at risk (physical and
building contents, outside property as well as pEspsocial-economic aspect), flood depth
and duration, as well as estimation of the damaye Ibeen done in this stage. In order to do
so, based on the landuse data from the imageryeffsarcher inventoried building withiil
sample in study area with the aim of determining@a. TheRT sample is stratified based on
the elevation and its distance to the river dikee Tield survey was carried out from August
until September 2009 iKelurahanSewu. Two main activities of fieldwork were donettp
primary data collection and secondary data cobectPrimary data were performed using
interview both households and key personKé&iurahan Sewu like government official,
community leader, NGO, etc. The data were gathmedigh the application of questionnaire
that provided information about flooding and damagéelurahan Sewu. Secondary data
were collected through gathering report and adubtianformation from local government
(Bappeda, Kesbangpollinmas, DPU), NGO (Speckharsiakie Idea), and Institutions (UNS,
Balai Besar Wilayah Sungai Bengawan Solo, BPS).

3.2.1. Sampling Method

Purposive sampling method was used to select reepd® in the study area. Figure 3-2
describes the sampling method. A hundred and fespandents were chosen and distributed
proportionally by considering the geographic lomatdf the area.

Several steps were taken to determine the samplg aspurposive sampling method, in
order to get representative sample points

- The first step was establishing maps. Several ttiemaaps were built using ArcGIS
software. There are Building footprint map, Contonap, and Administrative map.
Building footprint map was generated from Quickkimthge 2006. The contour map was
digitized from a contour map which was gatheredanfi@ublic Work Office of Surakarta
and scanned. An administrative map, especRWandRT boundary, was built based on
the sketch map dRT boundaries collected from Badan Pusat Statistén{al Bureau of
Statistics).
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Figure 3-2. Sampling method illustration
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- The second step was cross checking the maps fretieThe omitting and adding action
were done to get an up-to date building footpriapnas well as to chand&l boundary
based on the field. A GPS (Global Position Systera$ used to get accurate and detall
information of buildings and boundaries.

- The third step was choosifJlT sample. Based on information from government fjc
NGO and Flood map 2007 (see Figure 2-6); the 2@@dfinundated almost all the area
of Kelurahan Sewu which consists of Rukun Warga(RWvhich is divided into 35
Rukun Tetangga (RT)n order to get a representative sample, tw&WTesamples were
selected based on their distance from the Dikehié dike near the rivers) and their
elevations shown in Appendix 2.

- The fourth step was identifying the number and tgpéousehold buildings withiRT
sample. Building sample points were selected basethe spread of type of household
building. In order to know how much samples will taken, the number and type of
household buildings must be identified in the fiedld0 household buildings and 9 types
of building were identified. The structural typeshmusehold building were defined by
considering types of floor, wall, and roof mategdalfollows

Structural type 1 (ground, bamboo, asbestos),

Structural type 2 (concrete, concrete, zinc),

Structural type 3 (concrete, mixed, zinc),

Structural type 4 (concrete, brick, clay),

Structural type 5 (concrete, concrete, clay),

Structural type 6 (ceramic, concrete, clay),

Structural type 7 (concrete, mixed, clay),

Structural type 8 (concrete, wood, clay), and

Structural type 9 (ground, bamboo, clay).

OooDoOooooogao

- The last was taking sample 15% of the sum totahaisehold buildings withirRT
sample based on the types of building using puyeosampling method. 104 household
buildings were selected as the household resposnidgee Appendix 2). Figure 3-3
describes sample distribution of household buildmgachRT.

3.2.2. Fieldwork equipments

Several equipments were used to collect primara.daéhey are GPS (Trimble Geo XT),
digital camera, MP4 recorder and tape measurersentKigure 3-4). Trimble Geo XT GPS
was used in this research for collecting infornratiabout geographic information of
household building and some important places amceciing position of building footprint
map based on the field. The geo-reference on GRSsetato UTM (Universal Transvere
Mercator) Zone 49S and the coordinate system is V{@&Id Geographical System) 1984.
Digital camera was used to capture each houseluildirg and interview. MP4 recorder was
employed to record information during interview.p€ameasurement was applied to collect
information about foundation height of householdding and the flood mark in the field.

i @

L o -}




A Community-based approached to flood hazard and vulnerability assessment in flood prone areas;
a case study in Kelurahan Sewu Surakarta City, Indonesia

Aazim ll;l;.'w 5300

T
i
+

Kelarahan Sewu *

i
.
s — g
Wap Projscson UTHM 48 5
Datum WEGS 1964

vz m
T
SIEM0

arasn
i

Figure 3-4. Fieldwork equipments

1 ; [
=| Legend 5
- e N e
ik P
RT Samphng | | Buiting Fogein R e Aa |
— — - Gaongie e (AT
Both Mgl ATRW (BRE0
= Counlur_1m & Bubsing sampging - Gruohs N of Suiaiela [0
- Frakdvmnh GO0,
aadin s s

Figure 3-3. Spatial distribution of respondents

3.2.3. Building inventory and household interviews

Building inventory has been done in order to idgntihe elements at risk and to verify the
answer of respondent. The activities were measutiegheight of floor from street and

observing the physical aspect of household buildingh as the number of floors, size of
building, etc (see Figure 3-5). The information veadlected such as Building_id, owners,
building age, the ground floor height from surfatteg ground floor height from street, the
number of floors, and the size of buildings. Eathwlding was captured by a digital camera
which described the condition of building. GPS bagn used to record the position of the
building.

r-ﬁ. - : = =
Figure 3-5. Building inventory during fieldwork
The interview using questionnaire were done to gaiformation on the community

perceptions related to the flood extent, flood Hefibod duration, socio-economy condition,
and local knowledge related to flood hazards at agehssets and damages of each household
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building (see Figure 3-6). In-depth interviews wéedd with community leaders (head of
village, leader oRW & leader ofRT) in order to gain overview related to flood in tsteidy
area. During the interviews, all of the respondagase a good response in answering the
guestions. Although almost all of respondent areadase, they can also speak Bahasa
Indonesia. This condition made interview fluentifhe good thing is that they had
remembered the flood depth in their entire house20i07 because the water mark was still
shown. In addition, the local community also gaweumentary photos and video flood of the
2007 flood. There were no difficulties to interagth the community irKelurahanSewu.

L &

Figure 3-6. Interview and measuring flood mark during thlehfvork

3.2.4. Participatory GIS

Participatory GIS is a very useful method to insee@ommunity awareness and decrease
vulnerability as well as to understand disastds (idcCall, 2008 Wigati, 2008). During the
data collection in the field, the Quickbird imadetained from Google Earth (see Figure 3-7),
map of study area and mobile GPS (Global Positprdystem) were used to get the
information about flood in the study area, espécidr the cause, height and duration of
flooding. The information about the flood extentsazased on local community knowledge
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and was transferred into digital data for spatialgsis using ILWIS software. Later on, the
data were used to generate flood depth map and flooation map. Based on information
from Participatory GIS, 71 points of flood depthdaftood duration were added in order to
identify in which the parts of area KelurahanSewu were not inundated during flooding in
the late December 2007.
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Figure 3-7. The Quickbird image obtained from Google Earth

3.3.Post-Fieldwork

All of the data from fieldwork were processed usih@vIS 3.31, ArcGIS 9.2, and SPSS 16
software. The data collected were analyzed in fparts community characteristics of
Kelurahan Sewu, flood hazard analysis, identification ofnedmts at risk, and vulnerability
assessment. Statistical analysis in SPSS was waseofh descriptive statistics and cross
tabulation to describe the social characteristithefpopulation in study area. ILWIS software
was used to process flood depth and flood duratising interpolation in kriging with
Gaussian semi-variogram model. ArcGIS software usesl to analyze both elements at risk
and vulnerability using spatial analysis. The resfl this process, including community
characteristics oKelurahan Sewu, flood hazard mapping, the elements at rigk fiood
vulnerability assessment, will be discussed inntévet chapters.
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4. Community Characteristics in Kelurahan Sewu

This chapter describes about the general charasties of the community, the community
groups and also the local traditions of communityhie study area. They are related with the
community vulnerability and their capacity of flobdzard.

According to Wilkinson (1991) in Flint and LulofQ05) the definition of community is
stated into 3 basic concepts as a geographicaéssipn, a system of social interactions and
the source of mutual identity and object of logabes in associational action. In this research
a community is related with the definition of a aoomity as a system of social interaction
among the people who live KelurahanSewu.

Disaster occurred when certain hazard struck thHeevable community (Smith, 1991 in
Maiti, 2007). Several factors should be analyzedrider to know the risk and threats of
community. Social, political and economic aspeats the factors that have effect to
vulnerability of community. Cannon et al. (2004Yyide three characteristics of community
that have more vulnerability than others basedheir proximity and exposure, poverty, and
exclusion/marginalization. And also, they expldie tapacities of community based on three
categories such as physical and material, socthbaganizational, and skill and attitudes. On
the other hand, Kuban and MacKenzie-Carey (2001phaisize the characteristics of the
people, who are the most vulnerable in communigetaon their lack of capacity to respond
or to recover, as follows

- Inadequate resources to plan or respond (e.glesiarents, the poor);
- Inadequate awareness (e.g., about opportunititeeavailability of resources) ;

- Inadequate opportunity to express their unique si€edy., to avoid being ignored in
the planning, response or recovery process) ;

- The presence of significant health problems (comped by dependence on
technology, living aids or medication) ;

— The lack of education to understand emergencyaglatessages;

— Limited access to community resources (e.g., thog,gransients, homeless) ;

— The lack of sufficient mobility to appropriatelysgond (e.g., seniors, the disabled) ;
— The lack of support networks (e.g., homeless) ;

— Cultural isolation from the bulk of the communite.q., newcomers, indigenous
people) ;
— Linguistic isolation from the bulk of the commun{lg.g., newcomers).

In order to know the community characteristics lom $tudy area related to their vulnerability
to flood hazard, the activities have been undertaket only doing observation but also
following Focus Group Discussion (FGD). The FGD weasducted by Cecile de Millano
who is currently as PhD student from Groningen l@rsity. She focuses on understanding
youth’s resilience to flooding iKelurahanSewu. Those activities gave information about the
knowledge, experience and perceptions of youtrete@lto flood hazard issue in the study

area.
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4.1. General characteristics of community

KelurahanSewu comes from the wopknewuwhich is name of the palace courtiers because
many people ilkKelurahanSewu used to be palace courtiers. One-tledyrahanSewu was

a territory that consisted of villages with diffategeography. For instance, Mbeton region
(now RW 1) was a harbor for trader boats and Ledok re¢gmw RW 7 andRW 8) was a
swamp which was used for a garbage disposal areanAw the most of the area is occupied
by high density housing.

Some residents dfelurahanSewu live on the riverbanks inside the dike. Tihdicates that
they are more vulnerable to flood hazard than és&ents who live outside the dike. A half
of them are living in an unauthorized residentighwhe public facilities and environment
infrastructures are less than the standardized.eSespondents said that living and built a
house on the riverbanks was cheaper than rentimyse. Because they built an illegal house
in the state land, they built their house with mmized condition seemingly unfit for
habitation. The housing condition is crowded andrganized, and also susceptible to floods.
The visible physical characteristics of housing the riverbanks area are (1) dense
environment, the availability of land and housirepds are not balance(®) the average of
the most residential is 30°m(3) there is unavailability for drainage channetiayarbage
dumping; (4) The public facilities are limited lillemeeting hall, public telephone, etc and (5)
open space for public area is not available.

Based orKelurahanSewu (2009) the total of population kKelurahan Sewu in June 2009
consisted of 49% men and 51% women from 8,461 itdnatis. This number of population
increased with as many as 65 inhabitants since rbleee 2007 (8,396 inhabitants) when
flooding occurred in this area. Table 4-1 showes distribution of population based on age
and gender. It expresses that the children withatieeof 0-4 years were 13.1% and the elder
with the age of 60 years up are 8.1% from totgbafulation. It indicates that about 21.2%
people inKelurahanSewu are vulnerable to flood hazard in term ofape.

Table 4-1. The distribution of age and genddf@turahanSewu

Age (years) Men Women Total Percentage
0-4 548 559 1107 13.19
5-9 315 326 641 7.69

10-14 297 407 704 8.39
15-19 459 473 932 11.09
20-24 475 542 1017 12.09
25-29 345 347 692 8.29
30-39 471 459 93( 11.0%.
40-39 447 469 914 10.89
50-59 426 411 837 9.99
60+ 361 324 685 8.19
Total 4144 4317 8461 100%

SourceKelurahanSewu (2009)

In the term of education, approximately 32.6% a ffeople inKelurahan Sewu have not
been educated. Only 1.8% from 8,461 inhabitante teeen educated in university. The rest
are 14% in Senior High School, 35% in Junior Higth&l, 7% in Elementary School, and
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10% in unfinished Elementary School (see Table.#M®)st of them are more likely oriented
on fulfilling basic needs rather than educationdsee

Table 4-2. The distribution of people educatiotK@lurahanSewu

Education Nl;n;kéglreof Percentage

University 150 1.8%
Senior High School 1148 13.6%
Junior High School 2968 35.1%
Elementary School 601 7.1%
Unfinished Elementary School 835 9.9%
Un-educated 2759 32.6%

Total 8461 100%

SourceKelurahanSewu (2009)

The number of working population in this area wag3@ people who work as entrepreneur
(22 people), construction workers (721 people)ugtdy workers (3,159 people), retailers
(255 people), transporters (73 people), civil setv@5 people), retired (70 people), and
others such as shoemaker, tailor, etc. (2,367 pg¢pte Table 4-3) . It means that a half of
people who live irKelurahanSewu have low income with dense population becenes of
them work as laborer like industry workers, conginn workers, etc. The low income of the
family causes inability to educate their childrertiuSenior high school so the children have
the same employment as their father does, as catistr and industry workers.

Table 4-3. The livelihoods of peopleKelurahanSewu

Livelihoods Number of Percentage
People
Entrepreneur 22 0.3%
Construction workers 721 10.7%
Industry workers 3154 46.9%
Retailers 255 3.89
Transporters 73 1.1%
Civil servant 65 1.09%
Retired 70 1.0%
Others 2367 35.29
Total 6732 100%

SourceKelurahanSewu (2009)
4.2. Community Group in Kelurahan Sewu
Based on the result on focus group discussion (drd, 2009), it was found that the
community in Kelurahan Sewu has several organizations that get togettmrthly (see

Figure 4-1). The main organizations in Sewu comityusnie

- PKK (Family Welfare Assistance) that is the motloerth organization in a community
related to social activities for women.
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- Karang Tarunathat is the neighborhood youth association whiak imembers with the
age of around 12 years old until one getting mdrode 25 years old. The organization
does social activities for the youth not onlyKelurahan Sewu but also in the others
areas.

— Arisan Bapak-bapakthat is the fathers community that does some mgetand at the
same time they collect money to support the comtpuithe community collects small
amount of money from the members and a lotteryesysised to draw name of the
members who will receive the money collected by mamity. Thus, a small share of the
money will be saved, which is used in times of némdinstance when a community
member is sick.

(a) (b) c) (
Figure 4-1. PKK irRW9 (a) FGD with Karang TarurRW?7 (b) and Arisan Bapak-bapak (c)

4.3. Local Traditions in Kelurahan Sewu

Another characteristic of the communityKelurahanSewu is a local tradition. This activity
implemented in several forms in the community. Thain forms of local tradition in
KelurahanSewu are as follows

- Kerja baktior Gotong Royongs the tradition of working together in the comrityrio
help each one another for something goodwill. Tt¢tévigy is not done regularly, every
two weeks or every month when they need it. Faamse, the community condudisrja
baktito clean the drainage when the rainy season willecand also after flood occur.

- Rondais the activities of the community to patrol the@gighborhood area. This activity is
conducted in rotation by the time allowed for eamber of society in the regiétukun
Tetangga (RTYsually the activity is done at night to watch aquhrd the security of the
neighborhood, but sometimes the activity is alsoedewhen flood occurs to control or see
the height of the flood.

4.4. Discussion

The community characteristics in the study area dissussed in this chapter. The
characteristics are related with the community gtdbility and their capacity in term to deal
with flood hazard. It was revealed that some ofdbemunities lived on the riverbanks with
unorganized housing, almost one-fifth of the comitiem consist of the elder and the
youngest people, one-third of the communities wereeducated, and a half of people who
live in KelurahanSewu have low income. Moreover, the communitythas capacity to deal
with flood hazard through organizations and thala@ditions.
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5. Mapping Flood Hazard in Kelurahan Sewu

This chapter discusses flood occurrence that has®immed in the study area and some
factors that caused the area get flooded. In additit flood points are identified using
Participatory GIS based on flood in 2007 whereaisvthe worst flooding recently.

5.1. Flood events irkKelurahan Sewu

KelurahanSewu is the most flooded area in Surakarta Cigsidies its location adjacent to
Bengawan Solo River, the low topography is a fatitat causes this area flooded. Although
some enormous floods had occurred in this area $&stion 2.2), only a few data are
available inKelurahanSewu office related to flood events, i.e. datéladding in 2007 until
2009 (see Appendix 3). This condition occurs begdhs greatest flood in 2007 after the big
one in 1966 made local government more alert wibd hazard so that they are more care
with flood data. Based on this dataRB8kun TetanggéRT) are the most prone area to flood
hazard. There areWI| RT 1, RWII RT3, RWIII RT 1 andRT 3, RWIV RT1,RWV RT5,
RWVII RT 2 andRT 3. The safer areas KelurahanSewu are 1Rukun Tetanggancluding
RW VIRT 1, 3and 5, RW VIII RT 2,3 and 4, RW IXTRL,2,3,4, and 5. Figure 5-1 shows
the spatial distribution of flood event in 2008 &aD9.

) 3100 — - ar

Flooding on 09 March 2008 Floading on 22 March 2008
in Kelurahan Sewu in Kelurahan Sawu

9163200

96200

9162600

Legaml

B Road Dike o [
B River V/2 RW/RT B v I et
i Floodin: Map Projection UTM 49 S 3 P Fanading e Facecaoa LT i
[ No flooding [ 9 o T na ey [ 1 o VTR
482500 82800 483100 = - am
Flooding on 31 Snoacy 2009 | Froading on 17 Febiuary 2000 Flading on 25 Fabrany 2003

i KalutaBas Sia

i Kilurahan Sewu i Kkt ean Saves

Figur_e 5-1. S.r;atial distribution of flood evenﬂ:{‘BIurahanSeWJin 2008_:2009
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During the qualitative data collection (de Millan2009) two categories of flooding were
identified in Kelurahan Sewu. The first is the seasonal flooding and theosd is more
dangerous flooding (like flooding in the late Ded®n2007). In the seasonal flooding, the
flood depth was 50-100 cm in which the duration v@shours until 3 days. This flood
occurred around five times per year in rainy seasorhe flood disaster, the water height
reached 3-4 meters where the duration was more 3hdays. The occurrence of the flood
disaster was not frequent. It happened in Decer@bér. Figure 5-2. illustrates the focus
group discussion activity that provided informatadrout flood characteristics in study area..

Figure 5-2. FGD activity in RW VIKelurahanSewu

5.2. Flood related fact inKelurahan Sewu

A hazard is the probability of occurrence of a Hatmatural event, within a specific period
of time and within a given area (UNDRO, 1991). Saléacts causing flooding in December
2007 inKelurahanSewu were found. The heavy rainfall in the uppat pf Bengawan Solo
River on 26 December 2007 caused the river to mwerfThe rainfall amount was 124
mm/day on the average. Figure 5-3 shows rainfel¢drom the Tropical Rainfall Measuring
Mission (TRMM) from December 24, 2007 to Januar2@)8.

L= i = B
Decemixer 24, 2007 - Jonuary 2, 2008
Rainfall Totals (i)

<25 50 100 150 200 250+

Figure 5-3. Rainfall totals in some parts of Indonesienftbe TRMM-based
Source NASA Earth Observatory (2008)
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In the same time, 26 December 2007, the water lgaefe in Jurug was recorded that the
discharge of Bengawan Solo River was 1,98%etond. The water level reached about 11
meters from river bed where the normal conditiod imeters. In addition, Putat water gate
laid in the north eastern part BelurahanSewu got damaged. Although the water did not
overflow the dike, it flowed through the gate andridatedKelurahanSewu.

Some structural measurements were laiéturahanSewu to protect the area of Surakarta
City from flood but they did not proteételurahan Sewu from flood in the late December
2007 because Putat water gate had been damagedlf Aofhthem were built by the
Netherlands government when occupying this countey,Dike |, Demangan pump house
and Demangan water gate (see Figure 2-11). Thesotexe built by Indonesian government
such as Putat water gate, Dike Il, gabion constmcind early warning system. The early
warning system was built after the flooding 200¢wed.

Flood in the study area during the late Decemb@&720as not only caused by persistent
heavy rains, but also due to lack of drainage systack of flood control structures, and
watershed degradation in the upper part of Benga®aa River basin. The primary flood
control facility in Bengawan Solo River basin ietkiVonogiri Multipurpose Dam located
about 55 km upstream of Surakarta. The dam was let@dpin 1982 and controls flood
runoff from uppermost 1,350 Knof basin. The reservoir provides 232 millior of flood
control capacity regulating peak discharge of 4,088 to 400 riYs.

Flooding in December 2007 had inundated 1,574 hoind€elurahanSewu. From discussion
with Mr. Harnarno who is an officer dfelurahan Sewu, who has been responsible for
disaster in this village, indicated that the areadated was almost 90% of are&Kefurahan
Sewu. More than 1,700 household were evacuatedeVheuation shelter was located in the
School, the Church, the Mosque, the Hall mayor wiakarta City, and also along the dike.
Two houses laid on the riverbanksHKelurahan Sewu were collapsed. Figure 5-4. displays
the house before and after collapse during thelffapin the late December 2007.

i e

Kelyrahan Sewu _

Source Private document of head BT 02/RWII

In order to know the return period of flooding ihetlate December 2007, the data of
discharge from 1966 to 2007 was calculated by uSambel method. The method obtains a
simple statistical approach to calculate the protigls of occurrence for different records.
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Table 5-1 depicts the discharge of Bengawan SolerRaken from the water level gauge in
Jurug (see Figure 2-11 point 3).

Table 5-1. The water height level and the peakhdisge yearly of Bengawan Solo River from
Jurug water level gauge from 1966 until 2007

Water Discharge Water Discharge
Year Date height level 3 9 Year Date height level 3 9
(m?/s) (m°/s)
(m) (m)
1966 16-Mar 11.90 2,000 1987 20-Heb q.72 821
1967 28-Feh| 8.30 1,371 1988 16-Nov 7.20 909
1968 26-Mar 7.25 850 1989 5-Heb 7140 947
1969 24-Mar 5.51 520 1990 22-Jan 5.97 689
1970 12-Mar 6.30 670 1991 19-Heb 71.10 903
1971 26-Mar 6.55 720 1992 5-Dec 7100 700
1972 16-Feb| 6.79 770 19p3 3-Keb 9.16 1,249
1973 24-Mar 6.05 620 1994 12-Mar 8/80 1,146
1974 27-Feb| 6.93 810 19p5 12-Keb 4.80 1,146
1975| 21-Mar 7.39 665 1996  13-Mar 6[45 582
1976 16-Jan 7.0 594 19p7 9-Ffeb 1.20 744
1977 25-Jan 6.5 509 198 20-Miar 7.00 700
1978 2-Feb 7.00 594 1999 20-Jan 1.40 789
1979 5-May 7.04 601 2000 9-Mar 880 1,146
1980 16-Apr 6.24 467 2001 10-Heb 7105 711
1981 28-Mar 5.72 388 2002 10-Heb 845 1,051
1982 24-Jan 8.07 798 20p3 22-Niar 8.10 960
1983 28-Feh| 5.82 403 20p4 28-Oec 1.90 909
1984 5-Feb 7.40 947 2005 5-Apr 6[10 517
1985 9-Mar 7.30 928 2006 25-Jan 6.95 689
1986 28-Mar 6.95 863 2007 26-Dec 11145 1,986

Source Balai Besar Wilayah Sungai Bengawan Solo in Setiy£2809)

Coto (2002) summarized steps to calculate the mepariods using Gumbel method as
follows:

- The discharge records have to be sorted from lotedsghest.

— Arank value (J) is assigned to the records, s@ith a value 1 for the lowest record,
until a value n (number of records) for the higlorss.

— The probability of not-being exceeded is calculatétth the formulaP= J/ n+1, and the
return period witlR=1/1-P. The result of this calculation is shown in Tabi2.

— For the graph of the results, a plotting positi(F-In(-In(P))) is calculated and then the
discharges are plotted against it. Thus, a linth@best fit is conducted (see Figure 5-5).
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Table 5-2. Calculation for return period using Gemtethod

Year Sorted Rgr;k FI;(Eof)lb Slrggt R Y Year Sorted Rar)]k Fl;(g)t) iir%r:)t R Y
1981 388 1| 0,02 0.9 10p  -1.32 1999 789 22| o051 049| 209 04
1983 403 2 0.05) 0.99 1.0p -1.12 1982 798 23 0.53 0.47 2.15 0.47%
1980 467 3 0.07] 0.93 1.0 -0.98 19714 810 24 0.56 0.44 2.2¢) 0.54
1977 509 4 0.09 0.9 1.1 -0.86 1987 821 25 0.58 0.42 2.39 0.61
2005 517 5 0.12) 0.8 1.1 -0.97 19¢8 850 26 0.60 0.40 2.53 0.6
1969 520 6 0.14] 0.84 1.1 -0.68 1986 863 27 0.63 0.37 2.69 0.74¢
1996 582 7 0.16) 0.84 1.1 -0.640 1991 903 28 0.65 0.35 2.87 0.89
1976 594 8| 0.9 08] 12p 052 1988 909 29 | o067 033] 307 09
1978 594 9] o021 0.7 126 -045 2004 909 30| 070 030] 331 1.0
1979 601 10[ o023 0.7 13p 038 1985 928 31| o072 0.28] 358 1.1
1973 620 11 0.26) 0.74 1.3 -0.31 1984 947 32 0.74 0.26 3.91 1.23
1975 665 12 0.28 0.7 1.3p -0.44 1989 947 33 0.77 0.23 4.30) 1.3
1970 670 13 0.30) 0.7 1.4B -0.18 2093 960 34 0.79 0.21 4.79 1.44
1990 689 14 0.33 0.6 1.4B -0.92 2092 1,051 35 0.81 0.19 5.38 1.5
2006 689 15[ o0.39 0.6 154 -045  19p4 1,146 36| 084 0.16] 614 17
1992 700 16| 0.37 0.6 15p 041 195 1,146 37| o086 014] 717 19
1998 700 17| 0.49 0.6 1.6 047 2000 1,146 38| o088 012| 860 20
2001 711 18 0.42 0.5 1.7p 0.14 1993 1,249 39 0.91 0.09] 10.79 2.3
1971 720 19 0.44 0.5 1.7p 0.40 19¢7 1371 40 0.93 0.07] 14.33 2.6!
1997 744 20| 047 0.5 1.8f 047 207 1,986 41| 095 0.05| 215 3.0
1972 770 21 0.49 0.5 1.9p 0.33 1966 2,000 42 0.98 0.02] 43.09 3.7
Source Balai Besar Wilayah Sungai Bengawan Solo in Setiy£2809)
Gumbel Probability
5.00
4.00 y = 0.0032x - 2.1841 -
R? = 0.9194 .

3.00 - L 4

2.00 -

1.00 -

0.00 \ ‘ ‘ ‘

-1.00 1,000 1,500 2,000 2,500

-2.00

& Y=-In(-In(left prob) Linear (y=-In(-In(left prob))

Figure 5-5. Gumbel probability graph
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- From this graph the value Y for different dischacg@ be read and the return period can
be calculated with the formuR=e™® (see Table 5-3 and Table 5-4).

Table 5-3. Return period of different discharges Table 5-4. Discharge with return period
Plotting . : Plotting
Return i i Discharge Discharge s s Return
Period (years) Probability pos\l{tlon (ms) (mYs) pos\l{tlon Probability RP period
5 0.8 15 1151.3 2000 4.22 0.99 0.01 68.2p
10 0.9 23 1385.8 1986 4.17 0.98 0.02 65.29
25 0.96 3.2 1682.1 1371 2.20 0.90 0.1 9.5p
50 0.98 3.9 1901.9 1249 1.81 0.85 0.15 6.64
100 0.99 4.6 2120.1

5.3. Flood points using Participatory GIS

Applying Participatory GIS is really important tetgnformation from community who live

in flood prone area. Their knowledge has value-ddfle understanding disaster risk
situations and designing community-based amelmmatiloreover, because there is a dike in
the study area, the approach for mapping flood rdarelated to the propagation of the
inundation flow is difficult to be done in order ¢t accurate result based on reality. So the
use of Participatory GIS is necessary to be corduict order to determine the flood event in
study area.

Participatory GIS was to gain information about fleod extent, flood-depth and flood-
duration as well as the cause of flooding that oeclin Kelurahan Sewu. McCall and
Minang (2005) stated that this method can helplitain more reliable data outputs. The
Quickbird image, obtained from Google earth imag@® August 2006 covering the study
area, was geo-referenced using WGS 84, UTM Zonea#9feference system and gridded.
The image was printed in scalé D00 (see Figure 3-7). The Base map of Surakatyar@th
scale 1:25.000and the GPS mobile were also employed during thieitgc The community
leaders such as the head officeKelurahanSewu, the leader ®T andRW were involved

in gaining information about flood hazard Kelurahan Sewu (see Figure 5-6). They
described where the areak®lurahanSewu was prone to flood i.RT 2 andRT 3 in RW
VI, RT5 in RWV, RT1RWIV, RT1 andRT 3 inRWIII, RT3 inRWIl andRT 1 in RWI
and also explained cause and situation of floodintpe late December 2007. They also said
that the flood in the late December 2007 was teatgst one after flood in March 1966 where
the water reached around 6 meters.

Figure 5-6. PGIS activity
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There were 104 points of data of flood-depth anddiduration gathered from respondents.
In order to obtain more information about the floedtent of 2007 within eacRT in
Kelurahan Sewu, 71 points were added within sev&al(see Figure 5-7). In addition, the
water marks of flooding in 2007 still remained dre twall, so it was used to validate the
information from the community related to flood-tlep The flood depth points were
measured based on the ground floor as referenceh@mdthat point was added with the
height of foundation for each building of house.

-mlsoa lBl‘ISDB 433|1 00

Flood-depth point in flooding 2007
in Kelurahan Sewu
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Figure 5-7. Flood-depth points

Although flooding in 2007 was about 2 years betbigs research conducted, the communities
still remember well about the flood depth and tloed duration because it was the greatest
flood which ever happened in their live.

5.4. Flood danger map

During the fieldwork activity, the information ré¢al flood events also asked from the
respondents (see Appendix 1) in order to generfitmd hazard map. Unfortunately, most of
the respondents could no longer give any speciétaits related flood-depth and flood
duration about the other flood events and they riitl experience with the flood events,
especially the flooding in 1966. The respondently oemember the last greatest flooding,
which is the flooding in the late December 2007t #uas reason, the researcher decided to
focus on a flood danger map based on the floodiegtehat occurred in 2007.
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Totally, 174 points were calculated with One-samidgtdmogorov-Smirnov Test in SPSS
software in order to know the distribution of pogample. The results of the flood height and
the flood duration points have a normal distributisee Table 5-5). This method compares
the observed cumulative distribution function forvariable with a specified theoretical
distribution, e.g. normal, uniform etc. in Guar003). ILWIS software was used to generate
the flood depth and the flood duration map. Theysoof flood depth and flood duration were
imported into ILWIS format. Later on, the pointsneénterpolated using a kriging method.

Table 5-5. The distribution test of points of fleddpth and flood-duration

One-Sample Kolmogorov-Smirnov Tes Height of flood | Duration of flood
2007 2007
N 174 174
Mean 147.40 2.65
Normal Parametets
Std. Deviation 92.534 1.426
Absolute .082 .195
Most Extreme Differences Positive .082 .161
Negative -.056 -.195
Kolmogorov-Smirnov Z 1.084 2.570
Asymp. Sig. (2-tailed) .190 .000

a. Test distribution is Normal.

Kriging is one of the geostatistical methods teipblate the value of a random field and the
goal is to infer the field at unobserved sites.gkng provided reasonable result in regions
because it consists of geostatistical method basedstatistical models that include
autocorrelation. In kriging the weight are based ordy on distance between the measured
points and the prediction location but also on dlverall correlation among the measured
points. The weighting factor is determined usiamisvariogram model which represents the
relationship between distance and squared diffeen€ pairs of point values (ITC, 2001).

According to D.G. Rositter (personal communicatiddipy 2007) in Wigati (2008), a
Gaussian model is the best techniques for sembgain model to interpolate a phenomenon
which physically must be very continuous e.g. tindaxe of a ground-water table.

Four steps have been conducted to make krigingadeticluding examining the input data,
calculating experimental variograms, modeling vagrdons and kriging interpolation. Because
Dike Il laid along the riverbanks was not inundatieting the flooding in the late December
2007 (see Figure 2-11 point 7), the interpolatiamn €ach map was divided into two

interpolations area, outside Dike Il and inside dlk with different semi-variogram model.

From 174 points of data set, 126 points were ugédt¢rpolate outside Dike Il and 48 points
for inside Dike II.

The experimental semi-variogram output was obtaiinech the Gaussian model. In Flood
depth data set, the best fitted for semi-variograodel outside Dike Il was a sill of 7800, a
range of 190, and a nugget effect of 2300 with goedness fit (B of 0.5 and for
semivariogram model inside Dike Il was a sill 0000 a range of 60, and a nugget effect of
1400 with the goodness fit fRof 0.1. The result of Gaussian semi-variograndehdor
flood depth data set shows in Figure 5-8. In Fldadation data set, the best fitted for semi-
variogram model outside Dike Il was a sill of 2.@5;ange of 150, and a nugget effect of 0.9
with the goodness fit @ of 0.7 and semivariogram model inside Dike Il veasill of 1.6, a
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range of 350, and a nugget effect of 0.2 with toedpess fit (R of 0.5. The result of
Gaussian semi-variogram model for flood duratiotmd&t shows in Figure 5-9.
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Figure 5-8. Graphs of Gaussian semi-variogram model of flepthd
(a) outside Dike Il (b) inside Dike I
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Figure 5-9. Graphs of Gaussian semi-variogram model ofl fowation
(a) outside Dike Il (b) inside Dike Il
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From the Graph of semi-variogram model, the incsiesicy of measurement can be seen in
the value of sqgrt (hugget). It can be noted thatflimod depth, the measurement/interview
error is about 42 cm and the error for flood dwmis around 0.7 day.

The simple kriging method for interpolation wasfpaned on the four components of data
set. This method was used because the trend compohdata set is a constant and known
mean and also the result of this method is smotimek more aesthetically pleasing than
ordinary kriging. Finally, the interpolations ofettinside Dike Il and the outside Dike Il were
combined on each flood depth map and flood duratiap using glue operation in ILWIS
software. The result of the interpolation map iesented in Figure 5-10. The maps display
flood depth and flood duration map during the Bezember 2007 flood iKelurahanSewu.
The maps show that during the late December 20@7vtiter height ranged from 0 until 4
meters, while the duration varied from 0 to 7 daysese maps will be used as a scenario for
the further vulnerability assessments.
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The Water Depth of Flood 2007
In Kelurahan Sewu
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(a) Flood depth map

The Water Duration of Flood 2007
In Kelurahan Sewu

[~ g
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azvm ™ i
(b) Flood duration map

Figure 5-10. Interpolated map for flood depth (a) and flood durdh)

during the 2007 flood event KelurahanSewu
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The flooded area map of flood 2007 i
Kelurahan Sewu (see Figure 5-11) wa
acquired after classifying inundated art
based on the flood depth interpolation (s
Figure 5-10 a). Comparing to Setiyars;
(2009) who generated a flood hazard m
using technical risk assessment in Surake
City, the similarity in the result is the area «
flooding, which is almost equal to flood are
with the return period of 20 years (seg_
Figure 5-12). Nevertheless, flooding i*
December 2007 irKelurahan Sewu had a
return period of 65 years (see Table 5-
This difference is caused by the fact that t
technical risk assessment did not consic
the structural measure like the dike and t%-
water gate which are located in the area. 1
generated map only considered
discharge of flood and the geomorpholog
of Surakarta City. It can therefore b
understood that the size of the flood in tl
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Figu}e 5-11. Flooded area of flood 2007
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Figure 5-12. The technical risk assessment by Sety@009)

The detail description about flood event in the IBecember 2007 iKelurahanSewu shows
in Figure 5-13. The documents were collected froemxdommunity during fieldwork.
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Detail information about Figure 5-13 is describsdalows

1. The elderly and the young people in the evacualfaiter.lt is located inRW IX/RT 5.
During flooding in 2007, this place was safe frdoofl so the inhabitants who had a house
hit by flood in Kelurahan Sewu were evacuated to their family or neighbothis region.
This condition proved that the inhabitants wereceaéed not only to the public infrastructure
like the mosque, the school etc but also in treginify and neighbor.

2: The Sawunggaling Mosque. It is locatedRaV IlI/RT 3. The mosque was one of the
public infrastructures iiKelurahanSewu as the evacuation shelter. Although the gtdiaoor

of the mosque hit by flood around 0.50 centimetéh® inhabitants who live in the
surrounding area of the mosque still used the skftoar as a place of evacuation.

3: Evacuating the deformity people. The local peogl&elurahan Sewu were not ready
with the height of water during the flooding in ttaée December 2007. Usually flood only
struck certain area in this village and the hewgfhater was around 1 meter. That was why
the deformity people evacuated after flood reacheteter as shown in this figure.

4: The evacuatioshelter on Dike Il. The local people who live iretliverbanks used Dike I
as the evacuation shelter. They set up an emerdgentyn Dike Il and put their belongings
such as the motorcycle, the television, the mateds on that place. This picture shows that
Dike Il did not inundated during the flooding irettate December 2007 where the height of
water was around 1 meter below the top of the dike.

5: Relief onRWII/RT 2. This picture describes one of assistance activitiesided by local
government, NGO, etc who cared for with the victiofflood in Kelurahan Sewu. They
gave assistance including the fresh water, fodd#ing etc.

6: Evacuating the adults who were trapped in theirddihenthe height of flood under 1.5
meters the elder, the young people, and the mdtherbeen evacuated with their precious
goods in the evacuation shelter, the adult mergsafeled the rest of property in their house
which were placed in higher place in their housenfra thief. Unfortunately, when the water
level reached more than 1.5 meters, they were ¢dpp their house. Search and Rescue
(SAR) team from The Indonesian National Army wastde rescue them using a lifeboat
with 40 horsepower engine. The SAR team was not toim military but also from PBP
which is an organization iKelurahanSewu established in 2000 that has responsibitity f
disaster response and evacuation.

7: The evacuation shelter in the southern pakelfirahanSewu

8: Evacuating the children and the mother with a bfsth The velocity of the water during
the flooding in late December 2007 was very quitkaused the people who live in certain
areas in the village did not have time to evacudthen the water level exceeded 1 meter,
they were evacuated by a lifeboat.

9: PoskamlingRWV/ RT 2. Poskamlingmeans the environmental security posts. At nidghtfa
the residents who dmnda (see Section 4.3.) gather in this building to gla&ind secure the
environment. During the flooding in the late Dec@mB007, the activity stopped for several
days because the residents were busy to safeguduaiesan their homes due to flooding.

10 The Public Elementary Schowlo.25 It was one of the public infrastructures in
KelurahanSewu hit by flood in late December 2007. Thisufegshows the flooding on the

second day, 28 December 2007, with the water haighind 1.50 meters when the flooding
on the first day, 26 December 2007, was the watgghtt around 50 centimeters upper the
flooding on the second day. Because of this camlithe students did not attend school for
several days.
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5.5. Discussion
This chapter has explained the flood eventseturahanSewu, flood related fact, flood point
using participatory GIS and flood danger map.

Flood events irKelurahan Sewu consist of annual flooding and disaster flogdThe first
flood also called seasonal flooding where the hegdhwater was around 1 meter and the
duration was less than 3 day. The second flood @sa&irred irKelurahanSewu in 1966 and
2007. The characteristic of the flood was the wdagth reached 4-6 meters with the duration
more than 3 day. Some respondents said that matijngidied in 1966 flooding.

Flooding in the late December 2007KelurahanSewu occurred not only because of heavy
rainfall in the upper part of Bengawan Solo Rivasib and its location in lowland areas but
also the Putat Watergate got damage and lack ofadra system. Gumbel statistical method
was used to calculate return period based on diffatischarge from Jurug gauge.

Participatory GIS was useful to gained data andrintion related flood extent and cause of
flood that occurred irkKelurahan Sewu. However, it must be explained more deptthé
respondents who is uneducated and had educatedrobBsic level about the symbol, the
direction, etc. The point’s data collected fromidigork is illustrated on the map related with
flood depth and flood duration during flooding hetlate December 2007. The map will be
used as scenario for vulnerability assessment apten 7.
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6. Analysis of Elements at Risk inrKelurahan Sewu

This chapter explains about the characteristicthefelements at risk in Kelurahan Sewu. The
elements at risk in this research emphasize thesiphly household building including
structural type of building, building contents awdtside property as well as the socio-
economy of household related to risk. The inforomthas been gathered from 104
respondents who live in the inside of dike or aritierbanks and outside of the dike.

6.1. Information of household building structure

The data set related to the physical householddingg was collected through building
inventory within RT sample. The data included the type of wall, fleamd roof, building
function, and the number of floors. The specifitadsuch as the height of foundation, age of
building, and size of building were gathered thioirgerviewing 104 respondents. Next, the
data was inputted into ArcGIS software and preskttieir distribution spatially in a map.
Data analysis using SPSS software has been conlducteder to acquire information about
their frequency. Table 6-1 shows the result ofding inventory within 1RT sample.

Table 6-1. Building inventory withiRT sample

Building Number of Percentage

Function buildings (%)
Factory 17 2.26
House 710 94.41
Mosque 4 0.53
School 1 0.13
Store 6 0.80
Village Office 1 0.13
Warehouse 12 1.73
Grand Total 751 100

6.1.1. Building description from building inventory

6.1.1.1. Floor material

Based on building inventory activity ielurahanSewu withinRT sample, there were found
three types of materials used for constructingrfkxech as ceramic, concrete, and ground (see
Figure 6-1). The majority of the types of floor @@ncrete floor which means the floor made
of a construction material composed of cement, watel sand.

(b)
Figure 6-1. The types of floor (a) ceramic (b) concretey(oynd

Close to 71% of buildings are using concrete maites their floor. Only about 28 percent are
using ceramic material (see Table 6-2). Althoughrahe flood struck ceramic floor was the
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most easy to clean up among the other floor mdderibe low income of the households
made them choose concrete material with refinirggghirface as floor material. Figure 6-2
depicts the most residents using ceramic floor diuteside Dike Il and the residents who live
on the riverbanks most use concrete floors. Onhald percent of the buildings withiRT
sample use ground as the floor.

482500 482800 453100

The Distribution of Floor Type
within RT sample

Table 6-2. Floor types of building

9163200
T
9163200

inventory
i Type of | Number of | Percentage
i floor buildings (%)
Ceramic 216 28.76
g ] i Concrete 531 70.71
Ground 4 0.53
Grand 751 100

T
9162600

9162600

Sanghrah Village

Legend
[ oike [N Road

I River Not survey
Types of Floor
B cean
[ concrets
[ Ground Map Projection : UTM 49 §
Datum : WSGS 1984
482500 482800 483100

Figure 6-2. Distribution of floor types

6.1.1.2. Wall material

Five types of wall material were found during thélding inventory withinRT sample in
KelurahanSewu, such as bamboo, brick, concrete, mixed aratisee Figure 6-3). Almost
65% of buildings use concrete as the wall. The rgEircwall means a wall built with brick
covered by cement and plaster. 17% of the buildirsgsbrick as the wall. It is like concrete
wall but do not covered by cement and plaster. Miwall, which is combination between
concrete material in the lower part and the othatemal e.g. wood, plywood, zinc and
bamboo sheet in the upper part, is 17 percent fhentotal building inventory. Only 1 percent
of the buildings use bamboo sheet and wood as #figsee Table 6-3). Figure 6-4 shows the
spatial distribution of wall material withiRT sample. Figure 6-4 illustrates that the residents
who live on the riverbanks built their wall withitk and concrete material because these

e

Figure 6-3. The types of wall (a) bamboo (b) brick (c) cetec(d) mixed (e) wood
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The Distribution of Wall Type
within RT sample
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Table 6-3. Wall types of building

e s inventory
Type of wall I\Lumper of | Percentage
uildings (%)
b |5 | Bamboo 4 0.53
; " | Brick 125 16.64
Concrete 486 64.71
Mixed 131 17.44
Wood 5 0.67
: Grand Total 751 100
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Figure 6-4. Distribution of wall types

6.1.1.3. Roof material

From 751 buildings in building inventory activitpnly three types of roof material were
found in RT sample such as asbestos, clay, and zinc (seeeF@gG). Almost 99% of the
buildings within RT sample use clay as the roof material. Becausditite temperature of
Surakarta City reaches 35-39 degree, the residefgst this roof which more protects them
from the outside heat compared with the other ro8&me buildings still use asbestos and
zinc as their roof material because the cost igpbe(see Table 6-4). Spatial distribution of
the types of roof within RT sample is shown in Figy6-6.

@ (b) (c)
Figure 6-5. The types of roof (a) asbestos (b) clayif®)
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The Distribution of Roof Type
within RT sample

Table 6-4. The roof types of building

inventory
& Type of Number of | Percentage
! roof buildings (%)
Asbestos 2 0.27
Clay 742 98.80
Zinc 7 0.93
Grand 751 100
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Figure 6-6. Distribution of roof types
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6.1.1.4. Common structural type of household buildings

According to UNCHS (Habitat) (2001), buildings iodd events can be a place of refuge or
can be destroyed by flood. Therefore, assessingevability of buildings based on their
structural type should be carried out. Kelman apdn8e (2004) mention that the damage of
building includes wall failure, doors being forceden, glass breaking, roofs collapsing, or
foundations being undermined. This research empdssio assess the vulnerability of
buildings based on types of floor, wall, and roddtarial. From 751-building inventories, 9
types of buildings were identified based on thee/pf floor, wall, and roof using Pivot Table
function in Microsoft Excel (see Section 3.2.1 Séngp Method). Table 6-5 shows the
percentage of occurrence of structural types déiimg in KelurahanSewu.

Table 6-5. Percentage of occurrence of structypad in Kelurahan Sewu

No Type of building Materials Total Percentage
structure Floor Wall Roof (%)
1 Structural type 1 Ground Bambop  Asbesjos 2 0.3
2 Structural type 2 Concrete Concrete Zing 5 0.7
3 Structural type 3 Concrete Mixed Zinc 2 Q.3
4 Structural type 4 Concrete Brick Clay 125 16.6
5 Structural type 5 Concrete Concrete Cla 265 35.3
6 Structural type 6 Concrete Concrete Cla 216 28.8
7 Structural type 7 Concrete Mixed Clay 1P9 17.2
8 Structural type 8 Concrete Wood Clay] 5 D.7
9 Structural type 9 Ground Bambop Clay] 2 D.3
Grand total 751 100
47
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Sampling 15 % has been under taken in order to kttmvcommon structural type of
household buildings iKKelurahanSewu (see Appendix 2). Later on, this structuypetwill

be used as a sample of respondents, 104 responéfenise 6-7 depicts that the common
structural type based on types of roof, wall, alodrf within 104 respondents are structural
type 4 (concrete floor, brick wall, clay roof), sttural type 5 (concrete floor, concrete wall,
clay roof), structural type 6 (ceramic floor, coeter wall, clay roof), and structural type 7
(concrete floor, mixed wall, clay roof). The sphtiéstribution of structural types withiRT
sample is shown in Figure 6-8.

(a) Type 4 (e 5 (c) Type 6 (d) Type 7
Figure 6-7. The common structural typeKiglurahanSewu

Figure 6-9 reveals that the greatest structuraé tgp respondents ielurahan Sewu is
structural type 5, almost 35% from the total of I@usehold building samples. The rest is
28% of structural type 6, 22% of structural typeid 15% of structural type 4.
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Figure 6-8. Distribution of structural types of household

buildings
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6.1.2. Height of ground floor

The height of ground floor from ground surface garifrom one household building to
another. It indicates that the residents are awaffood. It is one of the coping strategies
from the residents to reduce the possibility oftiggt flooded. Most of the respondents
constructed their buildings with the height of grdufloor 1-25 cm; only 10 percent of

household buildings did not raise the floor (seguFé 6-10). Some residents also constructed
different floor levels inside their house (see F&G-11 b).

-

e
;
[
£ _
B, et
g Bl -
ED 3 i
Zh L
| 1 I 1
1 s bt ) (@) (b)
Height of Firstfsar o1 Figure 6-11. The floor height measurement (a)
Figure 6-10. The height of ground floor The different floor level (b)

6.1.3. Number of Floors

Based on the data recorded from 104 householdibgddalmost 92% of the respondents
stay in single storey buildings, only 8% have binifg with two storeys (see Figure 6-12).
Some respondents said that during flooding in dite December 2007 they put their precious
belongings like electronics, mattress etc to nesghlwho have two storeys. Generally the
residents who have two storeys are located outhelelike, the respondents who live on the

riverbanks only have single storey buildings. Spatistribution of household building based
on the number of floors is represented in Figule36-

18

Foreent ()

i
r T T
1

Nunberof ear

Figure 6-12. The number of floors of householddings
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Figure 6-13. Distribution of household buildings basethemnumber of floors

6.1.4. Building Age

The data recorded during fieldwork show that motily age of respondehtsuildings in
KelurahanSewu is more than 15 years lying outside the dRepercent of the buildings are
between 10-15 years old, and more than 10 peraeldlirigs are standing less than 10 years
(see Figure 6-14). The older the buildings arentioee vulnerable they are to flood. Figure 6-
15 shows the spatial distribution of household dinds based on their ages. Most
respondents who have old buildings are locateddmithe dike, while the residents living on
the riverbanks have buildings with the varied adg&em this condition we can assume that
the bare land of the riverbanks made people buddshs without permission or illegal
houses. It occurred in the last 15 years.
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=
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Age efhousehald bralding frearsd
Figure 6-14.The age of household buildings
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Figure 6-15. Distribution of household buildings base on tgsr

6.1.5. Building Size

A half of the respondents KelurahanSewu live in small houses with the widths of léem
50 nt. They are located not only on the riverbanks bisn autside the dike in unorganized
residential area. 36 percent of respondents hailgirms with size of 51-100 fn most are
located in the outside of the dike. The rest isuald® percent of respondents who live in
houses with size of more than 100 (see Figure 6-16). The spatial distribution of $ehold
buildings based on the size is depicted in Figut& 6
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Figure 6-16. The size of household buildings
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Figure 6-17. Distribution of household buildings based on the size

6.2. Building Contents and Outside Property

One of the approaches to the calculation of dieminomic losses from floods is with
estimating the potential losses due to a spec#eserity of flood events based on generalized
relationships between certain flood characteriséind physical damage (Smith and Ward,
1998). The direct economic losses are caused hyithet physical damage to property which
is related with the value of resident assets (Bdagk al, 1994 Pelling, 2003 Sagala, 2006).

In this section, the value of assets is analyzéaltiwo parts such as the building contents of
households and their outside propeity.

Information related to building contents and owsjgtoperty have been gathered during
fieldwork activity. The building contents (see Figu6-18 a) are all household assets inside
the house including major appliances and furnitditee outside property (see Figure 6-18

b)are all household assets outside the house ingldide animal, car, bicycle, motorcycle and

pedicab (see Appendix 1). 104 respondents providigdmation about their assets during

interview process. Fortunately, the respondentsvaltl the researcher to look at around their
houses for verification and quantification of thpioperty and also taking the pictures. The
good degree trust of respondents was because effteat of flood in the late December 2007

in which they received a lot of assistance fronsilg parties during and after flooding. This

condition makes their attitude more open and tallser people especially related with the

flood.
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() (b)

Figure 6-18. Building contents (a) Outside property (leéturahanSewu

During the flooding in the late December 2007, mafsthe households lost their property.
The flood events occurred 3 times consecutivelythm first flood, 26 December 2007, the
community did not expect that the height of floahcehed 3 until 4 meters so that their
belongings which were placed in the higher placeuatt.5 meter in their houses were struck
by flood. In the second flood, 28 December 200&, ibight of water was 50 cm below the
first flood but the velocity of water was fastehel community did not think that the flood
would come again, so they cleaned up their belgsgend dried them in open space. The
arrival of flood was so fast, and their energy lmen drained because of cleaning their
belonging so that they did not have time to sawedr foroperty which were eventually swept
away by flood. In the third flood, 30 December 20@¥e water height was not too high.
There were no missing properties on this flooding.

Figure 6.19a shows the total value of building eotd for all the respondents. It indicates a
very high range from Rp. 530,000 for minimum valudil Rp. 28,950,000 for maximum
value. The most total values of building contemtslass than Rp. 1,785,000. The average of
total value of building contents is Rp. 4,271,000.

Total value of outside household property is from B until Rp. 220,400,000. It means that
some respondents do not have any outside propedytte others have cars as valuable
property. The most value of outside property is R¥00,000 on the average of Rp.
11,784,000 (see Figure 6-19b).
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Figure 6-19. Total value of building contents (a) and oatpiperty (b)
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Total assets are meant the value of building castptus the value of househdlasitside
property. The assets of household building areetmtied with its vulnerability due to
flooding. The higher assets of household buildiageh the more vulnerable they are to flood
hazard. Figure 6-20 depicts the total assets ofdbpondents iKelurahanSewu in which
the most value of total asset is Rp. 9,299,000alTassets have a high range from Rp.
600,000 until Rp. 229,850,000 with the averagéeftbtal assets Rp. 16,055,000.
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Figure 6-20. Total asset of respondent&éturahanSewu

6.3. Information of Socio-economy of people at risk

Social, economic and political processes are teotoifa that generate people vulnerable to
hazard. The people in community are proner thaarstto damage, loss and suffering due to
flood depending on their characteristics which eess, caste, ethnicity, gender, disability,
age, or seniority (Blaikie et al., 1994, BirkmarQ0B). Bankoff et al. (2004) add such as
sexual orientation, parenthood, location, mobilggd renters where they are associated with
poverty, powerlessness, weakness, limited capanitylack of resources of the people. In this
research, the elements at risk in socio-economh@frespondents are emphasized on age,
gender, occupation, income, educational level,odedf stay, housing status, ownership of
household building, and size of family. The otheetbrs are ignored because of limited time
and lack of data.

6.3.1. Age distribution

Based on the recorded data from fieldwork, theafgespondents is varied from less than 20
years (5%), 21-30 years (6%), 31-40 years (18%H@ ¥ears (35%), and more than 50 years
(36%) (see Figure 6-21). From the difference oé,af was found the difference of
perspective of the people in order to cope thedfléeor instance, one of the respondents who
has the age of more than 50 years said that baski$ @xperience if the water of flood meets
on the intersection road in RW 5/RT 2, the big flosill occur so he should evacuate to the
safer place.

In addition, the ages of family members were aredyin order to know the distribution of the
elder who have the ages of more than 65 yearstangdungest who have the ages of less
than 4 years. The elder and the youngest are mdnerable due to flood hazard related to
their mobility, access to resources and financiapacity. The data taken from 104
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respondents were found 383 family members who stetsiof 10 people or 3 percent at the
ages of less than 4 years, 124 people or 32 peate¢hé ages of 4 until 24 years, 234 people
or 61 percent at the ages of 25 until 65 years,1&ndeople or 4 percent at the ages more than
65 years (see Figure 6-22).
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Figure 6-21. Age of respondents Figure 6-22. Age of family members

6.3.2. Gender distribution

Figure 6-23 shows the gender distribution of resleoits in which the men more dominated
rather than the women. This is because most resptmdvorked as retailer, tailor, shoe
maker, etc. who work in their houses so duringititerview activity the men still stayed in

their houses.

In order to know the distribution of gender Kelurahan Sewu, 383 family members were
taken into account. The graph reveals that the gredidtribution of family members between
the men and the women is not very different. Alme3% of family members were women

who are vulnerable to flood hazard.

During the fieldwork, pregnant women were also taketo account, but nobody was
pregnant in the family members of respondents.

a I
100 -
80 |
< 60 -
= m Women
g B Men
E 40 == |
20
o]
Gender of family members Gender of respondents
o /

Figure 6-23. Gender distribution
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6.3.3. The Livelihood

Almost 40% of the respondents work as laborers withimum income such as industry
workers, construction workers, etc. About 26 percéithe respondents work as a retailer and
15 percent is the other consisted of shoe makior,thome industry (see Figure 6-24). Their
products are sold tBusat Grosir SurakartdPGS) market which is a central of distributor
market in Surakarta City located 1.5 km frddmlurahan Sewu and also to Klewer market
which is located in the center of Surakarta appnately 3 km from the village. The
remainder work as a housewife, transporter, cesdlant, entrepreneur and retired (see Figure
6-25). The livelihood considers the ability of peopp deal with the impact of the hazards to
which they are exposed. During the flood in thes IBtecember 2007, the people whose
houses were struck by flood did not go to work orkvat home.
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Figure 6-24. Livelihood of respondents Figure 6-25. Distribution of livelihood of
respondents

6.3.4. Income

Data recorded during fieldwork show that around pcent of the respondents have
income less than Rp. 750,000. It can be assumedlinast a half of the respondents have a
low-income because their income was less than #gioRal Minimum Wage of Surakarta
City which is about Rp. 723,000. They mainly worleda tailor, pedicab driver, laborer, and
home industrialist. 30 percent of households haw@mme range Rp. 750,000 until Rp.
1,500,000 and only 20 percent have income more Rparl,500,000 (see Figure 6-26). The
medium income source usually comes from the retadléver, and retired, and the high
income source is from the civil servant and engepur.

Income represents ability of people to pi ..
for services and resources that may not
readily available after a hazard impac =
The rich are more easily able to fin
alternative shelter and to continue wit
their income-earning activities afte
disaster rather than the poor. Low-incon
households are more affected due to flo o
because they usually stay in the o
buildings using low quality constructior .- — —
materials and methods and less w Maminly sarmings of haussnals fx Fs. 13093
maintained. Figure 6-26. Income of respondents
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Table 6-6 shows correlation between the incomel lefz¢éhe respondents and their value of
the building contents. It is important to note hesemthe value of building contents usually
associated with the income of households. It waadahat low value of building contents is
showed by people who have low income. On the olfaard, the people who have high
income have the high value of the building contents

Table 6-6. The correlation between income and vafumiilding contents

I.‘EVEI of N Minimum Maximum Mean Std Deviation
income
Low 49 530 4780 1920.61 1100.81
Moderate 33 630 7260 3705.45 1765.65
High 22 3870 28950 10355.55 5276.62
Total 104 5030 40990 15980.61 8143.08

The results of cross tabulation between incomeldesad expenses per day obtained the
result that nearly 60% of respondents who haveitmemes have monthly expenses exceed
their income, while moderate and high-income aro@f&6. This described their financial
condition to deal with flood events.

6.3.5. Educational Level

The majority of household obtained basic educatideeels, around 63 percent of the
respondents iKelurahanSewu were educated in elementary school and jumgir school.
Close to 32 percent were in senior high school angercent were un-educated. Only 4
percent have education in university (see Figug&¥)6-Educational level contributes to an
explanation of people capacity to cope and dedd flobd impact such as life expectancy and
illiteracy. The educational level affects the apiliof people to receive training and
information about mitigation.

6.3.6. Period of stay

Figure 6-28 depicts that almost 62 percents of élooisls live inKelurahanSewu over 20
years. The others have been living in the villadgg@ut 11 percent since 1990-1995, 12
percent since 1995-2000, and 14 percent since &% yecently. The longer people domicile

in the area is, the higher their cultural knowledsgeial network are which can assist them in
order to reduce impact due to flood.
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Figure 6-27. The educational level of
respondents Figure 6-28. Period of stay in the village
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6.3.7. Housing Status

The majority of the respondents KelurahanSewu have their own houses, only 16 percent
are rent the houses (see Figure 6-30). Figure it2%rates that most of the rent houses are
located outside the dike, whereas the houses omithebanks have status as their own
houses. Housing status is related with the actfgmeople to cope flood like making coping
mechanism or maintaining their houses.

[T AFIEaD =30
| 1

The Distribution of
Ownership of houses

.
e
v xﬂf;_—l

SMdaam
1

ELET
1
"
T
FH83m

T
3153

TWan0
L
T
]

oo e
I e [ rapt
Ownerenip of housshald bulidings
& Cwn
E Rent

Map Projection : UTM £3 S
D - WSGS 1984

T T T
Auzs0n AgE0g =3

Figure 6-29. Distribution of ownership of houses

6.3.8. Size of Family

Based on the data gathered from fieldwork, closé&Qopercent of total respondents are
dominated by households with 3 until 4 family memsbébout 24 percent have more than 5
family members and only 16 percents of respondeat® family members consisting of 1
until 2 persons (see Figure 6-31). Some of theamdpnts who have married still joint they
parents in their houses so that it made one hawssst of more than 2 households. The more
their family members are the more vulnerable they a
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Figure 6-30. Ownership of household Figure 6-31. Size of family

buildings

6.4. Discussion

This chapter has explored the elements at risketld flood hazard in the study area. The
elements at risk is emphasized structural typeboafsehold buildings, building contents,
outside property, and socio-economic of household.

Four common structural types of household buildingsre found during the building
inventory withinRT sample. They were classified based on materiéibof, wall, and roof.
The four structural types were used to select medpots for interview using purposive
sampling method as well as to assess the vulngyabil structural types of household
buildings in vulnerability assessment in chapteAlfhough ceramic floor is easier to clean
after flooding than the other materials, most hbo&k used concrete floor which is the floor
made of a construction material composed of cenveaiter, and sand as well as refining in
the surface. This condition occurred because mfoteon are low income; concrete floor is
cheaper than ceramic floor and quite sturdy deflbted. Majority of the household also use
concrete material as their wall. It is relatedtie strength of this material to impact due to
flood. Clay tile was the most widely used as roaftenial in the study area.

Based on the analysis of value of household bigldiantents, most households have total
values Rp. 1,785,000. The most of households hatside property value in the household
building less than Rp. 7,700,000 Those value irididhe value of household building

contents and the value of outside household prppeat could be damage due to flood.

Socio-economic of household in the study area edldtood hazard is discussed in this
chapter include age, gender, livelihood, incomejcational level, period of stay, housing
status, and size of family. The characteristicsdwal with their weakness and capability to
cope with flood hazard. About 10 percent of famihembers in the household building
sample consist of the elder and the youngest walenest a half of total family members

within the respondents are women. Almost a halthef respondents have low income level
where they work as construction worker, industrykeo, etc. Most of respondent only have
basic educational level. On the other hand moshem live in the study area more than 20
years and stay in their own house so they have mdely social network and cultural

knowledge about the study area and also they cantairatheir own house to reduce the
impact from flooding.
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7. Analysis of Vulnerability Assessment to Flooding

This chapter focuses on the structural vulnerapila flooding related to the structural type
of building, building contents and outside propebfysed on damage assessment from the
respondents. Subsequently, the section continsesstiing social vulnerability of people in
the study area regarding the socio-economic chaéstics.

7.1. Vulnerability of Structural type of household building

Many parts of a building are considered in assggsitysical vulnerability of a building such
as the structural column, wall, floor, roof, dosindow, ceiling, etc. This research examines
the structure of household buildings based on t#maagdje to floor, wall, and roof materials
where the vulnerability of structural type of holslel buildings is determined on the basis of
degree of damage for each material (floor, walhfydrom the height of flood depth that
occur in the study area and also the velocity dEweelated to building location.

The value of vulnerability for structural type obusehold building is expressed on scale
between 0 (no loss at all) and 1(total loss) ireotd quantify the expected damage reduction
for several categories of elements at risk. Thiscept is established based on the definition
of vulnerability from UNDRO (1991) that is mentiahbefore in Section 1.8.2.

Merz et al. (2004) explain several factors influeshdlood damage such as water depth,
contamination, flood duration, flow velocity andsigance factors like types of building,
preventive measures, preparedness and warning.résemrch determines water depth and
velocity (related to the location of the elemengidie or outside the dike) as the damage
factors. It is important to derive a vulnerabilfgctor from the most important vulnerability
indicators contributing impact on the degree of dgenproduced during the flood event
(Messner and Meyer, 2004). .

During the fieldwork, the respondents reveal that parts of household building structure
that can be damaged during flood were floor, wad aof materials. Structural damage is
not only caused by the water depth and velocitigissoaking and the weight of standing
water, known as hydrostatic pressure also inflagniihe approach to estimate flood damage
was conducted during fieldwork, estimating the dgentom repairing and replacement cost
and determining the damage based on Nothing HapggiNH), Half Collapse (HC), and
Collapse (C) (see Appendix 1). In the first appmathe damage was expected to be in
financial value using local currency or the cost fepairing or replacing the damage.
Unfortunately, most of the respondents had notirepahe damage in their houses and some
respondents could not remember the cost to repdireplace the damage due to flood. In the
second approach, the damage is determined basgderia as shown in Table 7-1.

Table 7-1. Description for damage class

Damage class Damage description
Nothing Happening (NH) If the materials do not get danthgeto flooding
Half Collapse (HC) If the materials get half damage tugooding and need some
reparations (painting, plastering, etc) but no structurabdgm
Collapse (C) If the materials get structural damagetd flooding and need to
be replaced

Adopted and modified from Sagala (2006)

The respondents were asked to define the damagel lomsthese criteria. This approach is
used to generate vulnerability assessment of stalctype of household buildings in the
study area.
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Vulnerability scale for structural types of houskhbuilding was established based on the
damage information of floor, wall and roof matesigbee Table 7-2) and the combination
function of vulnerability scale shown in Appendix $he scale is adopted from Maiti (2007)
who conducted research for flood structural damasjeg a floor-wall-roof combination as
elements at risk. Figure 7-1 presents examplesaaiage to structural type of household
building due to flooding.

Table 7-2. Vulnerability scale of structural typgehousehold building

Vulnerability Description

0 (No Damage or Nothing happening tolf the materials (wall, floor, roof) do not get daged due to certain
wall, floor and roof materials) level of flood depth.

0.2 (> Nothing Happening and < Half | If any one material (wall, floor, roof ) or a hgiértions of that gets

Collapse of wall, floor and roof) Half Collapse (half damaged) and the other two aloget damaged
(Nothing Happening) due to certain level of floagpth.

0.4 (> Half Collapse and < Nothing If any two material (wall, floor, roof) or a halbption of those get

Happening to wall, floor and roof Half Collapse (half damaged) and the other one doeget

materials) damaged (Nothing happening) due to certain levéibofl depth.

0.5 (Half Collapse of wall, floor and If the three materials (wall, floor and roof) ohalf portions of those

roof materials) get Half Collapse (half damaged) simultaneouslytdueertain level

of flood depth.

0.6 (>Half Collapse and < Collapse or | If any two materials (wall, floor, and roof) or alh portions of those
total damage of wall, floor and roof get Half Collapse (half damaged) and the othergmis full
materials) damaged or total Collapse due certain level ofdldepth.

0.8 (> Collapse or total damage and <| If any two materials (wall, floor and roof) or alhportion of those
Half Collapse of wall, floor and roof get total Collapse (total damage) and the othergete Half

materials) Collapse (half damaged) due certain level of fldedth.

1 (Collapse or total damage of wall, If full portions of the three materials (wall, flgand roof) got total

floor and roof materials) Collapse or total damaged simultaneously due tirelevel of
flood depth.

i I ‘ Pk "i. - "
Figure 7-1. Examples of damage to structural of household buildings

(a) & (c) peeling plaster on the concrete walls (b) iigtated paint on the concrete wall (d) warped on
the plywood wall (e) cracked on the concrete flooc(§cked on the brick wall

Althought Kelurahan Sewu have 9 structural types of buildings basedthan inventory
buildings as mention in Section 3.2.1, however ostjuctural type 4, 5, 6, and 7 are
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dominant in this area (see Table 6-5). Levels aohaige and flood depth data were plotted
into the curve which illustrates the average vudbdéity for each common structural type of
household buildings in the study area. For thigestéhe flood depths are measured from the
height of water inside the house. Vulnerabilityvaifor the four common structural types of
household buildings are explained as follows

a. Structural Type 4

Houses with structural type 4 are made from t Structural Tvoe 4 ™
. . . ype

combination of concrete floor-brick wall-clay roo

material (see Figure 6-7 a). This structural type

not so vulnerable to water. However, the bri

wall is prone to damage when the mud leaving t

mark on the brick wall can not be cleaned. Wh

the structural type is located in the area that )

prone to water with high velocity like inside th /

dike, cracks will occur on the brick wall (se /

Figure 7-1 f) because the wall is not very stur 0 ‘ ‘

and solid like concrete wall. This structural typ 0 100 200

starts getting damage from flood depth around Flood Depth (cm)

cm. It has half damage when flood water increas

until around 200 cm. The materials of structural

type 4 are almost entirely damaged from flood

depth around 342 cm (see Figure 7-2) - ~

b.  Structural Type 5 Structural Type 5

Houses with structural type 5 are made from t 1
combination of concrete floor-concrete wall-cla] =g
roof material (see Figure 6-7 b). This structur{ =,
type is less vulnerable to water than structuraéty| < o4 P
4. The combination between concrete floor an <, s

concrete wall makes this structural type sturdy a| > / ‘ ‘
solid to water. Some people only spent the 0 100 200 300 400
money to repair holes (see Figure 7-1 a,c,e) dug
the impact of flood water. This structural typ
starts getting damaged when it attached to wate. J
around 40 cm. When water increases inside ttégure 7-3. Vulnerability curve of structural type 5
house around 271 cm, it has half damage (see

Figure 7-3). 4 Structural Type 6 h
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?:igure 7-2. Vulnerability curve of structural tyge
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c.  Structural Type 6

Houses with structural type 6 are made from t
combination of ceramic floor- concrete wall-clay
roof material (see 6-7 c). This structural typaads
vulnerable to water, which has a strong ceran
floor and a solid concrete wall. Some respondel
spent their money for repainting or re-enforcin ‘ ‘ ‘
some holes on the wall. Ceramic floor is easier 0 100 200 300 400
clean after flood event and it is sturdier thg Flood Depth (cm)

concrete floor. So, the respondents do not spe _ Yy

EUCh n;o;)ey to repair or replace this material (S%ure 7-4. Vulnerability curve of structural type 6
igure 7-4).
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d. Structural Type 7

Houses with structural type 7 are made from the
combination of concrete floor-mixed wall-clay
roof material (see Figure 6-7 d). Mixed wall iy~
meant combination between brick or concre
material in the lower part and the other materi
e.g. wood, plywood, zinc and bamboo sheet
the upper part. This structural type is very pror
to water. Plywood and bamboo sheet wg
material absorb the water easily. When they d
the materials change their composition or sha|
like to splitting, warping, swelling or getting
rotten. This structural type starts getting dama
when it exposes to water. Subsequently, wh Flood Depth (cm)
water reaches until about 100 cm, the structun_ J
type gets half damaged. The materials pfgure 7-5. Vulnerability curve of structural type 7
structural type 7 are totally damaged when

flood water increases to 219 cm or more (see

Figure 7-5).

Figure 7-6 depicts comparison of the vulnerabiilyves for four common structural types in
the study area. It is found that houses with stimattype 7 are the most vulnerable among all
common structural types of household buildingkelurahan Sewu. There is similarity of
vulnerability curves for two types of material fstructural type 5 and 6 where they are the
least vulnerable among all the common structuraésyof household buildings Kelurahan
Sewu.

Structural Type 7

1
0.8 /

/
/
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o ¢
()

Vulnerability
o
S

o

o

e N
1
0.8 4
E‘ 0.6 | Structural type 7
.% Structural type 6
) Structural type 5
% 0.4+ Structural type 4
> /
0.2 ///
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Flood Depth (cm)
o /

Figure 7-6. Comparison of vulnerability curves for all stnuaktypes

Based on the analysis above, for analysis all gtrattypes of building, it can be concluded
that structural type 1 (ground, bamboo, asbestu$sauctural type 9 (ground, bamboo, zinc)
are the most vulnerable among all structural tyfpleudding in KelurahanSewu although the

numbers are less than one percent (see Table BeH). of the structural types are more
vulnerable than structural type 7 because thetsiraictypes consist of ground floor material
which is easily eroded by flood water and bamboeeshvall material which is very easily

absorbing flood water and change their compositiorshape. Structural type 3 (concrete,
mixed, zinc) and structural type 8 (concrete, waddy) have materials nearly the same with
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structural type 7 so that their vulnerability isreaas structural type 7. Structural type 2 has
materials nearly the same with structural type 3hs® building is less vulnerable to flood
hazard. Figure 7-7 depicts the uncommon structypals of household building ielurahan
Sewu.

e A ! 'y B

: : = gL e e
(a) Type 1 (b) Type 2 (c) Type 3 (d) Type 8 (e) Type 9
Figure 7-7. The uncommon structural types of household bgildiKelurahanSewu

In order to get the final vulnerability assessmémg, position of household building from the

dike should be taken into account. It relates ® itifluence of water velocity against the

building. The buildings which are located inside tiiike are more susceptible from high

velocity of flood than the buildings which are sited outside the dike. Therefore, in order to
make higher the vulnerability class of householiddings inside the dike, the researcher
adjusted the value of vulnerability of householdldings inside the dike to be one class
higher than the value of vulnerability of househbldidings outside the dike. The researcher
decided to put value 0.4 (based on the value efvat class of vulnerability see Table 7-4).

Then, the vulnerability value from the structurgpeés of household building which were

located inside the dike is added with the valuesd.4hat the building inside the dike is more
vulnerable than the building outside the dike whigchot added (see Table 7-3).

Table 7-3. Final vulnerability value of buildingstture

Value of vulnerability o . Fmall .
S Combine if function vulnerability
of building structure value
0 If(vuln="0"and location="outside_dike"), "0") 0
If(vuln="0"and location="inside_dike"), "0.4") 0.4
0.2 If(vuln="0.2"and location="outside_dike"), "0.2") 0.2
If(vuln="0.2"and location="inside_dike"), "0.6") 0.6
0.4 If(vuln="0.4"and location="outside_dike"), "0.4") 0.4
If(vuln="0.4"and location="inside_dike"), "0.8") 0.8
0.5 If(vuln="0.5"and location="outside_dike"), "0.") 0.5
If(vuln="0.5"and location="inside_dike") 0.9
0.6 If(vuln="0.6"and location="outside_dike") 0.6
If(vuln="0.6"and location="inside_dike") 1
0.8 If(vuln="0.8"and location="outside_dike") 0.8
If(vuln="0.8"and location="inside_dike") 1
1 If(vuln="1"and location="outside_dike") 1
If(vuln="1"and location="inside_dike") 1

The final vulnerability map for structural type lodbusehold buildings iKelurahanSewu is
shown in Figure 7-8. This map was acquired aftassifying the value in different categories
such as no vulnerability, low vulnerability, modiraulnerability, and high vulnerability (see
Table 7-4).
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Table 7-4. Final vulnerability class for structutgbes of household buildings

Vulnerability Class Value of Vulnerability
No Vulnerability 0
Low Vulnerability 0.1-0.3
Moderate Vulnerability 0.4-0.7
High Vulnerability 08-1
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Figure 7-8. Vulnerability Map of structural household buntgh

7.2. Vulnerability of Building Contents and Outside Property
7.2.1. Vulnerability of Building Contents

The damage of building contents was recorded fraerviews to 104 respondents including
the cost for repairing and replacement as welhasiamage itself (see Appendix 1). Similarly
to the damage to structural household building, trmespondents could not estimate the
money their spent to repair and replace the darofbailding contents because they had not
repaired the damage for their belongings or thayiccaot remember the cost for repairing
and replacing the damage of building contents duftobd. The respondents still remember
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the damage to their belongings and mention theskafdheir belongings affected by flood.
Figure 7-9 shows the damage of building contentsnifftood occurred in the late December
2007.

"

Figure 7-9. The damage of building conterfts electronic device do not work (b) wooden furniture
may become so badly warped (c) furniture and electewice had damage (d) the document was
soaked

Table 7-5 depicts the common damage on the houséldding contents due to flood in the
late December 2007. Only 15 respondents did ndersahy damage on their belongings.
Most damage of household building contents wereclghes and dirty or smelly furniture.

The other forms of damage were loss of kitchengitgnwet pillows and mattresses, broken
electronic devices and loss of some documents.

Table 7-5. Damage cases on building contents witBéhrespondents

. Damaged Furniture
Damaged appliances Cases| % andgdocument Cases %
O Clothes become wetand 81 40 O Dirty and smelly 79 46
soaked furniture
O Loss of kitchen utensils 60 29 O Pillows and 65 38
mattresses get wet
and dirty
0 Electronic devices do 48 24 0 Loss of some 14 8
not work any more documents
0 No Damage 15 7 0 No Damage 15 9
Total 204 100 Total 173 100

The methodological approach to estimate vulnetgbdf building contents is developed

based on consistency of circumstance and the whyirog existing in the study area that was

gathered through interview and observation durietfifvork. Therefore some assumptions

were also established before defining the losstioms i.e:

— The list of building contents is made based onittteme level and socio economic
condition such as low income, medium income ant iigome.

— The list of building contents considered the mdjamiture and appliances that are
located in bedrooms, dining/lounge rooms and kitshe

— Three socio-economic levels were assumed to hdferatit value of building contents
(see Table 6-5). Therefore, the item was divided fhree lists. Although one item can be
presented in all socio-economic classes, the pfiégeem varies according to the income
level. The price for item was obtained from shapSurakarta City (see Table 7-6). The
price present in Table 7-6 is an average raterimesshops in Surakarta City.
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Table 7-6. Contents estimation based on the indews of the household building

Item Low Income (1) | Moderate income (2) | High income (3)
(x Rp 1,000) (x Rp 1,000) (x Rp 1,000)

TV 500 1000 1500
Stove 50 300 1000
Refrigerator 1200 2000
Video/DVD 500 1000
Tape/Radio 300 30( 100D
Computer set 4000
Washing machine 1500
Air Conditioner 1500
Carpet 150 350
Dinning Set 300 500
Iron 100 150 200
Chairs 50 100 150
Curtain 50 100 150
Bed 100 500 1000
Electric fan 80 150 20(
Rice cooker 100 150 400
Telephone 200 200
Sofa 1000 3000
Table 150 200 500
Cupboard 500 750 150D
Total 1980 7050 2165(

Note 1 euro = Rp.14,300

The height position of the major building contentss taken into account during the

fieldwork (see Appendix 1). Majority of respondeptaced the electronic equipments with a
height of more than 1 meter, especially televis®around 1.5 meters. The other appliances
and furniture was not raised. This information ged to estimate the item vulnerability of

buildings contents in Appendix 3.

Based on the result in Table 7-5, the damage o$dtmld building contents was classified

into five classesNo Damage, Slightly Affected, Moderately Affectédighly Affected, and
Destroyed (see Table 7-7).

Table 7-7. Damage stage of building contents

Damage Class Damage Code Description
No Damage 0 No water inside the dwelling
Slightly Affected 1 Minor losses particularly cleth, shoes, chair, table and

cupboard get dirty and smelly due to soaking wet people
does not need repairing and replacement cost.

Moderately Affected 2 Moderate losses particulatbthes, chair, table, and mattresses
get rotten due to soaking wet and people needtcaspair.

Highly Affected 3 Almost total loss of the contentespecially furniture
equipment, kitchen utensils, cupboards etc. anglpereeding
repair cost and some replacement cost.

Destroyed 4 Total loss of the content, mainly etedt devices, furniture

kitchen utensils etc. and people needing costglace.
Adopted and Modified from Guarin (2003)

The damage of building contents was considered aifferent flood depth. The relationship

between the damage level from the respondentslaad @epth was plotted into the graph
(see Figure 7-10).
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Damage Code

0 25 50 75 100 125 150 175 200

Flood Depth (cm)
. /
Figure 7-10. Damage estimation of building contents correlaitidflood depth

From the graph, the values of flood depth for filesses of damage were obtained as shown
in Table 7-8.

Table 7-8. Correlation between damage stage adiingilcontents and flood depth

Damage class (code) Flood depth (cm)
No Damage (0) 0
Slightly Affected (1) <45
Moderately Affected (2) <85
Highly Affected (3) <130
Destroyed (4) >130

For each flood depth, the vulnerability for ea@mitof building contents, which is depicted in
Table 7-6, was calculated. The damage informataiheged from respondents was taken into
account as the percentage of expected damage. fieepercentage of expected damage was
multiplied by the value of each item. After thdte tvulnerability value (from O to 1) for each
flood depth was calculated by summing up the salst@nd dividing by the total price of the
list (see Appendix 3). The summaries of the catttafor the vulnerability of building
contents are shown in Table 7-9.

Table 7-9. Vulnerability value for household buildicontents

List <45cm <85 cm <130 cm >130 cm
1 0.12 0.23 0.67 1
2 0.22 0.45 0.82 1
3 0.23 0.43 0.84 1

Based on the result Table 7-9, Vulnerability vatfebuilding contents for each household
building inKelurahanSewu was created.

The vulnerability map for household building cortteim KelurahanSewu is shown in Figure
7-11. This map was acquired after classifyilng tvalue in different categories such as
no vulnerability, low vulnerability, moderateilmerability, and high vulnerability (see
Table 7-10).
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Table 7-10. Vulnerability class for household bimtgicontents

Vulnerability class

Value of Vulnerability

No Vulnerability 0
Low Vulnerability 0.1-0.3
Moderate Vulnerability 0.4-0.7
High Vulnerability 08-1
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Figure 7-11. Vulnerability map of household building cordent

7.2.2. Vulnerability of Outside Property

The damage value of outside property was recordeah finterviews to 104 respondents
including the cost for repairing and replacing asllvas the kind of damage itself (see
Appendix 1). During the flood in the late DecemB607, there were twelve damage events
to outside property due to flood based on beingmep from the respondents (see Figure 7-
12). From 104 respondents, 92 respondents diduifdred losses of outside property. The
common damages within 12 damage events happertbe tnimal (3 respondents) and the
motorcycle (6 respondents) and the rest happen icycleé (2 respondents) and car (1
respondent). During the interview, the damage aB® estimated by the respondents into the
value of damage in Rupiah. The damage value ofdmifsroperty shows a very high range
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from Rp. 50,000 until Rp. 2,000,000. All the damdgppened to the buildings which are
located on the outside of the dike. It means tbates of the respondents whose houses are
outside the dike did not expect the height of flood

Vulnerability of outside property is calculated fiovalue of outside property divided with
total value of outside property. The vulnerabiliglues of the outside property on 12 damage
events have a very high range from 0.0025 to @& {&ble 7-11).

Table 7-11. Vulnerability value of outside propentighin 12 damage events

Water Outside Propert Damage .
No Resgggedent Depth Value PerY Valug VUIr\]farE t:“ty
(cm) (x Rp 1,000) (x Rp 1,000)
1 61 70 30500 75 0.0025
2 102 140 1550( 50 0.0032
3 48 113 1000d 100 0.01Q0
4 50 199 1020d 200 0.0196
5 21 330 22000 500 0.0227
6 5 126 2200 10( 0.0455
7 6 95 10000 50( 0.0500
8 a7 120 1000 75 0.0750
9 56 210 2700( 5000 0.1852
10 17 190 220400 50000 0.2269
11 20 160 2200 500 0.2273
12 10 128 4000 2000 0.5000

Table 7-11 shows that there is no correlation betwhe value of outside property and the
value of damage as well as water depth. This condghows that the damage to outside
property depends on their preparedness and capadbildeal with flooding. Because of that,
a vulnerability function cannot be generated dudatk of data and the damage does not
affect many respondents in the study area. Spdisatibution of the damage of outside
property during the flood event in the late Decen#®7 is shown in Figure 7-13.
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Figure 7-13. Damage value map of outside property

7.3. Social Vulnerability of People

According to Blaikie et al. (1994) social vulneritgimeans the probability of identifiable
persons or groups lacking the capacity to antieipabpe with, resist and recover from the
impact of a hazard. Several factors that generatplp more vulnerable than others are
explained in Section 6.3, such as class, gender, etg. The elements at risk information
gathered from 104 respondents were collected dutiegfieldwork emphasized on age,
gender, livelihood, income, educational level, peérbf stay, housing status, ownership of
household building, and size of family. This infa&imon is used to assess social vulnerability
of people in the study area.

This section explores quantitative method of assgsbe vulnerability of the households in
the study area due to flood hazard. Dwyer et 81042 explained that vulnerability cannot be
determined by one factor but a combination of meagtors will influence people to more

vulnerable due to a certain hazard. They gave ample when an elderly person would
increase their vulnerability not only because of &gt also if the accompanying condition
that he or she lives alone, on being disabled J@andncome. However, if he or she lives with
another person, has health insurance, and hag/ahigdr level of savings their vulnerability

may decrease. Therefore, the weighting factorsIdhoel taken into account to combine the
vulnerable factors.
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The eight socio economic factors including age dgenlivelihood, income, educational level,
period of stay, housing status, and size of fatmilye been analyzed in order to estimate and
identify the most vulnerable factors when they emsenbined. From those socio economic
factors, it is assumed that the most importantcsecbnomic vulnerability factor is income
level because it is reasonably straightforwarchi way to affect the vulnerability. It is not
only related with financial capacity of a househmdecovery but also financial preparedness
and mitigation related to flood hazard. The secows$t important factors are livelihood and
period of stay. They are linked with the aspecthef abilities to recover from flood hazard.
People working at home is more difficult to recotlean those who work in other places as
well as those who have long lived in the area tover faster than new people because they
have wider social network and cultural knowledgettie area. The next most important
factors are size of family and gender. They arateel with the way when they face with the
flood hazard. People living alone will be less lfkéo have an immediate support network
when he or she faces with flood hazard. Women arnemulnerable than men because they
need help for being evacuated from men during flopdThe lower weighting factors for
socio-economic vulnerability are age, educatioeakel, and housing status because those
factors are very influenced by the other factorsnastioned before. The weighting matrix of
social vulnerability of household is shown in TaBié2.

Table 7-12. The weighting matrix of social vulnéligpof household

Social Low Moderate High
vulnerability .
factors Weight 1 2 3
Income — 044 High-inceme Meoderate-incame S Lowinceme]
Livelihood . 0.05Notwarking-athome (Working at home
Period of stay 0.04 \/—le—year( 5-10 years <5 years
Size of family 0.03 2-4 persons < 1persons >=5 persor
% womenof b women O % women of 66%-
Gender —003| < 33% in family 33%-66% in family 100% in family
) members members members
Age 0.02|_ 4-B5 years <4 years >=65 years)
Educational 0.02 Senlorrh|gh schoo Elementgry schaqol, @
level Bachelor Juniof high schqol
Housing status 0.02+ Owner > Renter
l v OV oy v v l v l v l v l v l v

Vsocia=(0.11x3)+ (0.05x3)+ (0.05x1)+ (0.03x2)+(0.03x2)-0@x3)+(0.02x3)+(0.02x1)
= 0.79> example of the social vulnerability calculation

This approach is adopted from Villagran (2006) veh#ére method is applicable for the
housing sector at the local level. This methoaéiired parameters which are directly related
to the type of vulnerability. It is simple, undenstiable and applicable in order to measure
vulnerability at the local level. In this researthe social vulnerability of a household is
generated through eight parameters as mentionaeabo

The classification in terms of low, moderate, aighltlasses is introduced in term of socio-
economic condition that is related to degree ohetdbility. The value of classification is
given value 1 for low, 2 for moderate and 3 forthags shown in Table 7-12
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Each parameters/factor is given weighting basetherimportance for vulnerability as seen
in Table 7-12. The weighting was created by udimgAnalytical Hierarchy Process (AHP) in
ILWIS tools based on the most important factorse €fght factors were pooled together and
weighted to obtain a single estimate across aflot$f Income was given the highest weight
(0.11 equal to 36% from total weighting). Lengthst&y and livelihood were given equal
weights (0.05 equal to 18% from total weightinggeSof family and gender were given equal
weight (0.03 equal to 8% from total weighting), aagé, educational level, and housing status
were given equal weights (0.02 equal to 4% froralteeighting). The value of vulnerability
for social vulnerability is expressed on scale leetw0 and 1 so that if the total weighting
factor (0.33) is multiplied with the highest cldgsition (3), the result should be 1.

The overall social vulnerability for each househiidbtained as a result of added score of
each parameter that multiplied by the classificatfi@fore (see the example of calculation
above). The vulnerability class is presented in, lowederate, and high (see Table 7-13). The
interval class is obtained from the higher scoreséighting minus the lower score divided by
the number of classes. The result of social vulniiy for 104 households has been

displayed in a map using ArcGIS tools (see Figule )
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Figure 7-14. Social vulnerability map
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Table 7-13. Vulnerability class for social vulneiip

Social Vulnerability class Value of Vulnerability
Low Vulnerability 0.34 - 0.55
Moderate Vulnerability 0.56 - 0.77
High Vulnerability 0.78-1

7.4. Discussion

The vulnerability assessment has been discussédisnchapter. The assessments include
vulnerability of structural type of household burld, vulnerability of building contents and
outside property as well as socio-economic vulriétgbf people within a household.

It is found that the structural type 7, which catsiof the combination of concrete floor-
mixed wall-clay roof material, is the most vulndeat flood among four common structural
types of household buildings in the study area. elew, the most vulnerable to flood among
all structural types of building iKelurahanSewu is structural type 1 and 9 although there are
not many. These types are made from the combmafiground floor-bamboo wall material.
The structural type 6 is the least prone to fldbds made from the combination of ceramic
floor-concrete wall-clay roof material. It showsttelationships between the vulnerability of
structural type of building and the flood-depth ttee structural types of the household
building.

Vulnerability of building contents is strongly lied with socio economic level of the head of
household. The higher the socio economic levehefhead of household is, the more the
value of household building contents is so that gheater the degree of loss of building
contents is when facing flood. Three lists of asekdted to the three socio economic level
were employed to assess vulnerability of housebaltlling contents in the study area. The
relationships among socio economic level, floodtdepand losses are described clearly in this
section.

In analysis of vulnerability of outside properthete were only 12 households suffering
damage and loss of outside property. Thereforbpagh the respondents remembered the
value of losses and translated into rupiah, the@enalbility function of outside property can
not be generated caused very few of events. Ibeaassumed that the damage and losses of
outside property depends on the people preparednessapability of facing flooding.

Eight parameters including income, livelihood, pdriof stay, size of family, gender, age,
educational level, and housing status have beeghtesl to generate social vulnerability of
the households irKelurahan Sewu. The combination of these factors can be céspe
valuable for estimating and identifying the mostnenable household in the study area. It
was found that only a few households have high enalpility, most of households have
moderate and low vulnerability for socio econontyisllikely that only a few households
have average moderate and high vulnerability ol @acameter, while the other households
have a high vulnerability on one parameter. It bansummarized that why the people still
live in this areas (flood prone areas) becauseethson is not only because of owner property,
cheap house, and better access to economic achuityalso their combination of social
vulnerability to flood hazard is not so high. Indittbn, their capabilities such as
organizations and local traditions as describatiéenprevious chapter also support.
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8. Conclusion and Recommendation

This chapter contains the concluding part of tresearch related with the objectives of this
thesis. Finally, this chapter suggests some recamat®ns of the further research.

8.1. Conclusion

The main objective of this study is to evaluatedbmmunity characteristics, to map the flood
danger, to assess elements at risk and vulneyabilflood based on community approach in
Kelurahan Sewu, Surakarta City-Indonesia. Following disomssiare based on the specific
objectives introduced in the first chapter of tihissis.

The first sub objective is to evaluate the commyuchtaracteristic for social vulnerability of
floods To obtain this objective, the activities have rbaendertaken not only collecting
secondary data and observation in the field bubv &dlowing Focus Group Discussion
(FGD). It was found that some of the communitieedi on the riverbanks with unorganized
housing and some of them are standing on the #atd illegal house. Although the
comparison between women and meKaturahanSewu looks balanced, the age distribution
showed that one-fifth of them are vulnerable t@dimg consisting of the youngest with the
age of below 4 years and the elder with the agevef 65 years. A half of the people in the
study area have low income, and one-third of theenumeducated. On the other hand, the
community has their capacity to deal with flood dralzthrough social organizations and local
traditions. Social organizations exist in this aseah as PKK (the motherhood organization),
Karang Taruna (Neighborhood youth association), Andan Bapak-bapak (the fathers
community). Local traditions exist in this area Isums kerja bakti or gotong royongand
ronda Both of them can help community to alleviate fecovery during and after flooding.

The second sub objective is to create a flood damgg based on the 2007 flood event which
includes community knowledda.order to respond this objective, the represamtaampling
method has been generated based on structurabfypeusehold buildings considering the
distance with the dike near the river and the aantBarticipatory GIS was employed to get
information about flood depth, flood duration anduse of flood based on community
knowledge and experience. Both of those processes found to be useful in this research.
First, the sampling method provided a very accuvedy of generating a comprehensive
sampling frame for selected respondents. SecondiciPatory GIS served an accurate
flooding map in the study area.

It is found that flooding inKelurahan Sewu have occurred a long time. There were two
characteristics of flooding iKelurahan Sewu, the seasonal flooding and the flood disaster
The seasonal flooding has characteristics thafldlod depth was 50-100 cm and the duration
was 12 hours until 3 days. The flood disaster masacteristics that the water height reached
4 meters and duration was more than 3 days (likegteatest flood occurring in 2007 after
the big one in 1966). Rukun Tetangga (RBre the most prone area to seasonal flooding in
KelurahanSewu such aBRWI RT1,RWII RT 2, RWIIl RT1 andRT 3, RWIV RT1, RWV
RT5,RWVII RT2 andRT 3 (see Figure 5-1).

Flooding in the study area is strongly relatedh® occurrence of heavy rainfall not only in
this area but also in the upper part of Bengawdn BRover basin as well as due to lack of
drainage system, lack of flood control structuses] watershed degradation in the upper part
of Bengawan Solo River basin. Flooding in the Rézember 2007 inundated almost all area
of Kelurahan Sewu (see Figure 5-11) where it was recorded diefall amount of 124
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mm/day and the discharge of Bengawan Solo Rivet,®86 ni/second. In addition, Putat
Water gate got damaged so the water from BengawbnRver flowed through the gate to
inundate the village. The return period of floods Hzeen calculated based on the data of
discharge from 1966 to 2007 using Gumbel methoe. rélsult shows that flooding in the late
December 2007 is equal to return period 65 years.

Finally, a flood depth and a duration map for tB@2flood event in the late December 2007
have been generated using kriging interpolatiothef points data set with Gaussian semi-
variogram model. The interpolation was divided itwm interpolation area, inside Dike Il
and outside Dike II, because the water has not beeriopped Dike Il during the flooding in
the late December 2007. The maps show that ther Wwatght ranged from O until 4 meters
and the duration varied from 0 to 7 days. Whenrésailt is compared with the technical risk
assessment map, it seems the same with the regtiod 20 years. It is because the technical
risk assessment map did not consider structurabumes like the dike and the water gate
which are laid in this area.

The third sub objective is to identify and classifg elements at risk, i.e. type of buildings,
building contents, outside property, and socio-eton of peopleTo answer this sub-
objective, taking building inventory and interviewgi respondents have been conducted to
identify and design the detail classifications t#neents at risk such as structural type of
household building, household building contents ami$ide property as well as the people at
risk. The structural types of household building aelassified into four based on the common
structural type of household building in the stualya. The building contents including
appliances and furniture inside the house and tit&d® of property which are all household
assets outside the house are grouped into one mtidrased on its value. The people at risk
are identified through socio-economic aspects sashage, gender, livelihood, income,
educational level, period of stay, the housingustaand the size of family.

The fourth sub objective is to assess the vulnéfalbélated to elements at risk (structural
type of buildings, building contents, outside pmpeand socio-economy of peopld)o
achieve this objective, several approaches haven loeeried out. The vulnerability of
structural type of buildings is determined by thatenials of the house including floor, wall,
and roof materials. From four common structuraktypf household buildings ikelurahan
Sewu, the most vulnerable to flooding is structutgbe 7 which is made from the
combination of concrete floor-mixed wall-clay raofterial. The houses with structural type
4 which is made from the combination of concret@fibrick wall-clay roof material are the
moderate vulnerable. The least vulnerable to fl@odtructural type 5 (the combination of
concrete floor-concrete wall-clay roof material)dastructural type 6 (the combination of
ceramic floor-concrete wall-clay roof material). Wever, the most vulnerable among all
structural types of buildings in study area is cineal types 1 and 9 which are made from
combination ground floor and bamboo wall. From ewébility curve, it clearly shows that
the first 200 cm is the crucial height of floodirithe mixed wall (structural type 7) almost
gets totally damaged in this height while brick aoticrete material (structural type 4, 5, and
6) start to get half damage.

The vulnerability of building contents in the studiea varies from 0 to 1. This value means
the percentage of losses of household buildingerustrelated with the height of water and
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the socio-economic level. The estimation of houscuptents was supported by local
knowledge and particular conditions of the studgaar

The wvulnerability functions of outside property nah be generated caused very few of
damage events. It can be assumed that the damddesses of outside property depends on
the people preparedness and capability of facoagfl

The vulnerability of social economy of peoplekialurahanSewu has been analyzed by using
several parameters such as age, gender, livelihoooine, educational level, period of stay,
housing status and size of family. Subsequentlgh gmrameter was weighted based on its
impact on social vulnerability. The combinationtioése factors can be especially valuable for
estimating and identifying the most vulnerable lehwdd in the study area. The result of
combination of socio economic factors shows thaly cea few household have high
vulnerability, most of households have moderate lamdvulnerability for socio economy. It
can be summarized that why the people still livthia areas (flood prone areas) because their
combination of social vulnerability is not so high.

8.2. Contribution of this research

This research provides contribution as follows
O The methodology of this research can be adoptelddatl government to deal with data
collection for disaster management because itniplgi, applicable and cheap method.

O The vulnerability assessment of structural typebofiding, building contents, outside
property and social vulnerability of people providaluable information to local
government in order to make policies related todloisk management in the study area
or the other similar areas in order to reduce niygeict of flood hazard.

O The result of this research shall support the flalishster management program in
KelurahanSewu in order to mitigate the negative impacti@bding

8.3. Recommendation for further research

Recommendations for future research are as follows

O In order to enhance the accuracy of the researcood hazard assessment, further
research in the study area should also take intoust the community based on risk
assessment with the technical risk assessmentdinatders structural measure like dike
and watergate.

O Since the flood depth and flood duration maps ffier flood in the late December 2007
were established in this research, further reseuah generate flood hazard maps with
different return periods (e.g. 5, 10, 100 yearsngvin order to establish flood hazard
zone in the study area.

O Damage functions for assessment of loss of ousidperty should be developed with
different approach from damage event.
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Appendix

Appendix 1. The Questionnaire

Interview No:

VILLAGE HOUSEHOLD SURVEY 2009
Geo Information for Spatial Planning and Disaster Rsk Management. UGM - ITC

Purpose: This survey is intended to study “A Comitgtlased Approach to Flood hazard
and Vulnerability assessment in flood prone areease study in Kelurahan Sewu, Surakarta
City, Indonesia”

(Adopted and modified from Marschiave (2008), SagaD07) and Mayasih (2008))

Interviewer: ........ccooviii i Respondent's name: .................co...e.
Date: ., Time of interview: .............c.oveveevennes
Building No: ............RT......... RW...... GPS:Lat................... Long:......oeeennnes

1. Respondent’s Information
1.1. Respondent’s profile

(1) Age: .........years; (2)Se[[] Fem{} Male ;

(3) Position in household ]  Fath[ T Mot ] ........cccoeeeviveniinnnnn.

(4) Literacy  :[] literac[ ] illitersic
(5) Education* : [] E{] JH{] S[p B[] GS

(6) When did you start living her{]2005-20001 2000-20d1 1995-2d )  1990-L b5 baress

Where are you stay before here? ................cooeei il Province .................
(7) Ethnic L] Javanese [ Sundanese [1 others
(8) Job -1 Government officer L] Military|:| Businessm_h  Farl] Labour[] ...

(9) Income ‘< Rrp. 750.000,- [ Rp. 750.000,- s/d Rp. 1.500.00d_] Bp0.000,-
(10) Expenses per day:
- Food [1 <Rp.10.000-[] Rp.000,- s/idRp.20.000- ] >Rp.20.000,-

- Transportation] < Rp. 10.000,- ] .®p.000,- s/d Rp. 20.000,-[1  >Rp. 20.000,-

- Others [0 <Rp.10.000-0] .®p.000,- s/dRp.20.000,- ] >Rp.20.000,-

* ES = Elementary School, JHS = Junior High Sch8élS = Senior High School, B = Bachelor, GS = Gragl&athool
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(12) Household Member:

No Name

Sex*

Age (year)

Education*

Job*

<4

4-24 | 25-65

>65| E

GIA|WINE

M = Male, F = Female, ES = Elementary School, JHsiFor High School, SHS = Senior High School, BacBelor, GS = Graduate

School, GO = Government Officer, M = Military, BBusinessman, F = Farmer, O = Others

. Pregnantwoman [ ] yes[]

no

1.2. Building information

(13) Building size
(14) Ownership
(15) Building age

[J sont [ 51m-100nf [ 101nf-200nF [>200nf

gl

Own

Rent

|:| 0-5 yea[ ] 5-10 years[_]

10-15 yeal_]> 15 years

2. Elements at Risk
2.1.Building structure

Floor material

Ceramic

Concrete

Ground

Roof material

Clay

Asbestos

Mixed

Wall material

Concrete

Brick

Wood

Number of floor

1

2

3

Height of the
ground floor (m)

Height foundation
(m)

Height from road
(m)
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2.2.Building contents
2.2.1. Appliances (Major)

ltem Raised or on ground level| Number of value (x Rp.1,000)
(m ltem

TV 0,5-1] 1-15] 15-2 >2 50D 1000 1500
Stove 0,5-1] 1-15 15-2 >P 50 300 1000
Refrigerator | 0,5-1 1-15 15-p >P 1200 2000
Computersetf 0,5-1 1-15 1512 32 4000
AC 0,5-1| 1-15 15-2 >2 1500
Tape/Radio | 0,5-1| 1-1,5| 15-2 >2 30D 300 1000
system

Washing 0,5-1| 1-15| 1,5-2 >2 1500
machine

Video/DVD | 0,5-1] 1-15] 15-2 >2 500 1000

2.2.2. Furniture (Major)
Raised or on ground level| Number of

ltem Value (x Rp.1,000)
(m) ltem
Carpet 0,5-1 1-1515-2| >2 150 350
Sofa 0,5-1] 1-1515-2| >2 1000 3000
Dinning set 0,5-1 1-1515-2| >2 300 500
Iron 0,5-1| 1-1515-2| >2 100| 150 200
Chairs 0,5-1] 1-1515-2| >2 50| 100 150
Curtain 0,5-1] 1-1515-2| >2 50| 100 150
Bed 0,5-1] 1-1515-2| >2 .100| 500 1000
Electric fan 0,5-1 1-1%15-2| >2 80| 150 200
Cupboard 0,5-1] 1-1515-2| >2 500 750 1500
Table 0,5-1] 1-1,515-2| >2 150] 200 500
Rice cooker | 0,5-1 1-1515-2| >2 100] 150 400
Telephone 0,5-1 1-1,61,5-2| >2 200 200
2.3.0utside properties (valuable properties)
Item Number of ltem Value (x Rp.1,000)
Animal 200 500
Car 20000 100000
Motorcycle 2000 10000 15000
Bicycle 200 1000 2000

3. Flood and its Damage
3.1. Flood occurrences

What is the highest of water level during
flood on Dec 20077 (cm)

How long was the flood duration (Dec
2007)?

What is the maximum height of water level
ever happened in this location? (cm)

When? (dd/mmlyy)

How long? days
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3.2. Flood history

. Water Duration Victim
Time Frequency level Cause of Flood
. ! cm Excessive | Dam
2009 Single Multiple days | el break |« | e Death
2008 . . cm Excessive | Dam
Single Multiple days rainfall break | o | e Death
1966 . ! cm Excessive | Dam
Single Multiple days rainfall break | o | e Death

3.3. Damages and losses (Flooding 2007)
3.3.1. Building structure

What is the maximum damage to building structure wihin the last 10 years?
How much the cost to repair the damage?

Item Damage — Cost (in rupiah)
Repairing Replacement
Floor NH| HC| C
Wall NH|HC| C
Door NH| HC| C
Window NH| HC| C
Roof NH| HC| C

Note: C = Collapse  HC = Half Collapse NH =MNog Happen
3.3.2. Building contents

What kinds of building content have been damaged c&ed by flood in the last 10 years?
How much the cost to repair the damage?

ltem Damage Cost (x Rp 1000)
Appliances Clothes become| Electronic Loss of No
wet and soaked | devices do not | kitchen Damage
work anymore | utensils
Furniture Dirty and smelly | Pillows and Loss of No
furniture mattresses get | some Damage
because of mud | wet and dirty documents

3.3.3. Damage to outside properties

What kind of damage has been happened to outsigeeties in the last 10 years?

|
I
Qo
=
3
c
(@]
>0
(2]
—
=y
D
(@]
]
0
—_
—
o
=
D
©
o
=
—
=0
)
o
Q
3
jab}
«Q
)
)

»

Flood Impact

- What are common diseases that appear after théloo
[] skin diseasel] Feldr diardh

- How high the water do you things away in caseaddf? (cm)

- During the flood, where do you live?
0 Shelter, I0Cation: .......c.iiiii
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0 Family, location: .........coooiiiiiiiii

0 OtherS: oo

Can you continue to work during the flood? Why?

Have you considered moving from this area (gatefnay flooding)?

Yes/No

If yes, to which area? Why?

What is the reason living in this area?

] Cheap [ own PropertiD Ancestral propertDsBetter access (to business
centre, educational place, place to work, |:|c) eOth.................
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Appendix 2. Sample point determination

Number
. Administrative Type of Household Building Structure of
No Position Sample
RW RT Roof Wall Floor Total (15 %)
1 | Along the dike near the river I 2 Clay Brick Concrete 8 1
Elevation/Contour <=86 asl Clay Concrete | Concretg 11 2
Clay Concrete Ceramic 8 1
Clay Mixed Concrete 12 2
39 6
Il 1 Clay Brick Concrete 21 3
Clay Concrete Concrete 51 8
Clay Concrete Ceramic 10 2
Clay Mixed Concrete 10 2
92 15
1] 3 Clay Brick Concrete 48 7
Clay Concrete Concrete 51 8
Clay Concrete Ceramic 20 3
Clay Mixed Concrete 20 3
139 21
i 1 Asbestos Bamboo Ground 2 0
Clay Bamboo Ground 1 0
Clay Brick Concrete 15 2
Clay Concrete Concrete 9 1
Clay Concrete Ceramic 34 5
Clay Mixed Concrete 13 2
Clay Wood Concrete 3 0
77 10
\l 3 Clay Bamboo Ground 1 0
Zinc Concrete Concrete| 2 0
Zinc Mixed Concrete 1 0
Clay Brick Concrete 17 2
Clay Concrete Concrete 14 2
Clay Concrete Ceramic 20 3
Clay Mixed Concrete 12 2
Clay Wood Concrete 2 0
69 9
2 | Rather far from the dike near the i 3 Clay Brick Concrete 4 1
river Clay Concrete Concretg 23 3
Elevation/Contour 87-88 asl Clay Concrete | Ceramic 19 3
Clay Mixed Concrete 14 2
60 9
\Vi 2 Clay Concrete Concretg 12 2
Clay Concrete Ceramic 14 2
Clay Mixed Concrete 12 2
Clay Wood Concrete 1 0
39 6
VI 1 Clay Brick Concrete 3 0
Clay Concrete Concrete 3 0
86
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Number
No Position Administrative Type of Household Building Structure of
Sample
RW RT Roof Wall Floor Total (15 %)
Clay Concrete Ceramic 20 3
Clay Mixed Concrete 1 0
27 3
VI 1 Clay Brick Concrete 7 1
Clay Concrete Concrete 17 3
Clay Concrete Ceramic 20 3
Clay Mixed Concrete 11 2
55 9
3 | Far from the dike near the river | |, 2 Clay Brick Concrete 1 0
Elevation/Contour >88 asl| Clay Concrete Concrete 14 2
Clay Concrete Ceramic 12 2
Clay Mixed Concrete 17 3
44 7
VI 3 Clay Brick Concrete 3 0
Clay Concrete Concrete 14 2
Clay Concrete Ceramic 18 2
Clay Mixed Concrete 4 1
39 5
1IX 3 Clay Brick Concrete 1 0
Clay Concrete Concrete 19 3
Clay Concrete Ceramic 1
Clay Mixed Concrete 0
30 4
Grand total 710 104

Sources : Administrative boundary (Central Bureb8tatistics), Contour map (Public Work Office), Rliflg footprint
map (fieldwork)
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Appendix 3. The victims and the flood depth in flod event 2008-2009

Administrative 09 Mar 08 22 Mar 08 17 Feb 09 25 Feb 09 31 Jan 09

N The The The The
o RT RW _The flood _The flood _The flood _The flood _The The flood

Victims depth Victims depth Victims depth Victims depth Victims depth (cm)

(cm) (cm) (cm) (cm)
1 1 | 125 10-60 21 1-10 18 40 0 0 167 30-109
2 2 | 80 30 0 0 0 0 0 0 174 20-50
3 3 | 0 0 0 0 0 0 0 0 153 20-50
4 1 1] 52 20-30 0 0 5 20 0 0 347 60-150
5 2 1] 76 10-30 0 0 0 0 0 0 282 40-150
6 3 1] 162 30-190 62 168 100 100 101 50-11 522 -150
7 1 1] 135 30-200 12 39 10 50 5 10-20 238 30-80
8 2 1] 90 30-90 0 0 0 0 0 0 140 30-80
9 3 1] 201 30-160 23 74 14 50 2 6-10 296 30-15(
10 1 \ 140 30-160 25 78 41 50 3 6-10 149 20-80
11 2 v 75 20-60 0 0 0 0 0 0 134 30-100
12 3 v 35 20-60 0 0 0 0 0 0 144 20-75
13 1 \Y 110 30-100 0 0 0 0 0 0 152 20-50
14 2 \Y 32 10-30 0 0 0 0 0 0 203 20-50
15 3 \% 40 5-20 0 0 0 0 0 0 428 20-60
16 4 \% 87 30-80 0 0 0 0 0 0 137 20-50
17 5 \Y 223 80-150 52 142 50 50 0 0 377 30-15(
18 1 \Y| 0 0 0 0 0 0 0 0 0 0
19 2 \Y| 0 0 0 0 0 0 0 0 50 20-50
20 3 VI 0 0 0 0 0 0 0 0 0 0
21 4 VI 0 0 0 0 0 0 0 0 14 10-20
22 5 \Y| 0 0 0 0 0 0 0 0 0 0
23 1 Vil 50 30-60 0 0 0 0 0 0 81 30-40
24 2 Vil 42 30-60 9 31 5 50 6 30-60 44 10-30
25 3 Vil 132 60-150 35 139 40 100 25 40-6 133 180-
26 1 Vil 0 0 0 0 0 0 0 0 14 20-50
27 2 Vil 0 0 0 0 0 0 0 0 0 0
28 3 Vil 0 0 0 0 0 0 0 0 0 0
29 4 Vil 0 0 0 0 0 0 0 0 0 0
30 5 Vil 0 0 0 0 0 0 0 0 36 20-50
31 1 IX 0 0 0 0 0 0 0 0 0 0
32 2 IX 0 0 0 0 0 0 0 0 0 0
33 3 IX 0 0 0 0 0 0 0 0 0 0
34 4 IX 0 0 0 0 0 0 0 0 0 0
35 5 IX 0 0 0 0 0 0 0 0 0 0
Total 1887 239 283 142 4415
Source KelurahanSewu (2009)
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Appendix 4. Vulnerability analysis of building contents
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Appendix 5. Function of vulnerability scale of strictural type of household building

Vulnerability

Combine if function in Microsoft
Excell

0 (No Damage or Nothing happening to wall, floor aodf
materials)

If@and(floor="NH",wall="NH",roof="NH"),"0")

0.2 (> Nothing Happening and < Half Collapse oflniéor and
roof)

If(and(floor="HC",wall="NH",roof="NH"),"0.2")
or
If(and(floor="NH",wall="HC",roof="NH"),"0.2")
or
If(and(floor="NH",wall="NH",roof="HC"),"0.2")

0.4 (> Half Collapse and < Nothing Happening tolwfidor and
roof materials)

If(and(floor="HC",wall="HC",roof="NH"),"0.4")
or
If(and(floor="NH",wall="HC",roof="HC"),"0.4")
or
If(and(floor="HC",wall="NH",roof="HC"),"0.4")

0.5 (Half Collapse of wall, floor and roof matesl

If(and(floor="HC",wall="HC",roof="HC"),"0.5")

0.6 (>Half Collapse and < Collapse or total damafgeall, floor
and roof materials)

If(and(floor="C",wall="HC",roof="HC"),"0.6")
or
If(and(floor="HC",wall="C",roof="HC"),"0.6")
or
If(and(floor="HC",wall="HC",roof="C"),"0.6")

0.8 (> Collapse or total damage and < Half Collagfseall, floor
and roof materials)

If(and(floor="C",wall="C",roof="HC"),"0.8")
or
If(and(floor="HC",wall="C",roof="C"),"0.8")
or
If(and(floor="C",wall="HC",roof="C"),"0.8")

1 (Collapse or total damage of wall, floor and rowdterials)

If(and(floor="C",wall="C",roof="C"),")"
or
If(and(floor="C",wall="C",roof="C"),"1")
or
If(and(floor="C",wall="C",roof="C"),"1")
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