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1.1 | Backg rou nd

PekalonganCity and Regencyhave been continuouslyaffectedby flood and tidal flood Reflectingon this condition the developmenbf an impactmodelcapableof explaining

From 20022020 66 flood cases have beenrecordedin the area (BNPB202(. The flood  the crossfactorsinteractionin a complexsystemis highlyneeded The developmenof
originatefrom a combinatiorof intensiverainfall,changesin land use and river body, as a Studyon ClimateRisksand ImpactsAssesmenin PekalongarCity and Regencyis
wellas the seatides (Pasaribuet al. 2013. HistoricallyPekalongarcoastalareahasbeen  a preliminaryprocessto buildsuchan understanding

experiencingsea levelrise of 5 mm/year(COREMUNDIP2020Q, whichis higherthan that
of JavaSea, whichis generallyat 3.9 mm/year(Kismawardharét al. 2018. Theareaalso The study will analyze the threat of flood and tidal flood facing the location , review

) . . - 91 0 uCbAgi CA T (itom ipHysicdl, @riyifohnieritdl éctlogical, social
faces constantland subsidence which was identifiedto range between10-17 cm for the gir U GCbAgi CA"(fdm pHysca, @iyiohmettal geelogical, socia
economic, and institutional aspects), and analyze the risks developed from such

periodof 20122018(Tempo,2019. threat and vulnerable condition. The results will serve as ~ THE BASIS FOR

The recurringfloods have causednot only physical(infrastructureflamages,loss of land RECOMMENDATIORD enrich policies of -Pekalongan City and Regency.

dueto permaneninundationput also decreasedc 0 mmu rincamgaindsincreasedtheir Landscapeperspectiveand transboundangovernanceare two key termsthat shall
expensefor flood anticipation This conditionhas posedadditionalburdensto the directly be adheredto by any stakeholderinvolvedin the developmentf this study The
affectedcommunityas wellaslocalg o v e r nfisoalsituation understandingthat Pekalongan City and Regency are located in one single
The high level of dynamicsin physical changesin the coastal area as well as area landscapeunit is the fundamentalreason of using landscapeperspectivein the
developmentave increasedthe complexityof flood events Climatechangeimpactswill analysisprocess The subsystemsinteractionwithin the unity of the landscapeis
further increase such a complexity To formulatethe appropriatecontrollingmeasures, undoubtedly dynamic, where they also influence each other Any changes or
properunderstandingn flood causalfactors, interactionbetweenfactors,and the a r e a i #iterventionso be carriedout in one locationmight bring aboutimpactsto another
abilityin respondingo floodare critical location,which might be locatedwithin a differentadministrativearea, thus making

transboundargovernancesignificantin any flood mitigatiorefforts
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1.2 | Geographic

Scope

To represent the areas affected by flood and tidal floods, the focus of the
studyis geographic coverage was t
downstream areas ¢fupangWatershed that are located within the
administrative area #fekalongarCity and Regency, and the coastal area of
PekalongarCity and Regency. There were a total of 84 village&lrahans
covered in the study.

Kupang
watershed area
located within City
and Regency of
Pekalongan, and the
coastal area of both

aled ¢ AlthoughKupangWatershed also passes acroBatangRegency, for the
municipalities .

purpose of this study, the villagesBatangDistrict which are part of the
KupangWatershed were not included into the geographic scope.

1.3 | Study Limitation

Thestudyprocesscontainsseverallimitationghatneedto be recognizednamely

R The villageskelurahanswithin Kupang Watershedthat are locatedin Batang Regencywere not
includedinto the studylocation,althoughthey are still includedas part of the modelin climateand
hazardmodelingprocessto ensurethatinteractiondetweenfactorsare still putinto consideration

R Therate of land subsidencewas assumedto be constantevery year, whichwas based upon data
fromthe analysisresultson land subsidenceconductedduringthe study(dataof 2019.

R Land use in the hazard analysisprocesswas assumedto be constantthroughoutthe projection
period However land use changewas accommodatedh vulnerabilityand risk analysisprocess The
modelingof land use changetendsto applya relativelycontrolleddevelopmenscenario

R Hazardanalysiswill only modelinundationand hazardfor decadalpredictionand RCP 4.5 scenario
(withoutRCP 8.5); RCP 4.5 will utilize the percentile95 to representthe worstconditionthat might
take place(althoughin midtermand longterm,this scenariois considerednoderate)

R Hazardand risk analysisprocessesutilize landscapeanalysisunit (grid scale), while vulnerability
analysisutilizesvillage/keluraharanalysisunit

R Dueto limiteddataand typesof indicators not all indicatorsare projecteddynamicallyin the process
of vulnerabilityndexprojection
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Sea Level Rise
Prediction

Land Subsidence
Rate by DEMNAS

Land Cover Flash Flood Debit

Tidal Flood Debit

Bab 02.
Land Subsidence Hydrological

Climate Scenario
Downscaling

Climate Prediction

METHODOLOGY

Inundation Spatial

Vul bili
Y Adaptive Capacity Inundation Rate (and Temporal)
Assesment Model

2.1 | General Framework

This general framework of Climate and Impact
Risk Study refers tthe Six Steps Approach Risk Assesment
(Glz, 2018)which is mainly aimed at and Risk Map
understanding the climatelated impacts and
risks in a study system and identify the

appropriate controlling steps. @I B e

The study consists of the processes of hazard e
analysis, vulnerability analysis, risk analysis, as
well as economic and negconomic impact
analysis of flood and tidal flood events. The four
analysisprocesseshighlighted the importance of
interconnection and mutually
complementary/verification process between
various analysis components as shown in the
flow chart.

Hotspot Area

Livelihood
Vulnerability Index

Identification of Economic and Non-Economic Loss

(include Ecosystem)

Economic, Ecosystem, and Social Impact

Economic and Non-Economic Loss Value

POLICY RECOMMENDATION

General Framework
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2.2 | Hazard Analysis Method

The steps of hazard analysis methodwithin this study comprisedclimate modeling
(climatechangeprojection)n the studylocation,sealevelrise projection simulationof
conditionand projectionof flood spatialmodel,and also hazardanalysis The analysis
processwas conductedfor baseline conditionand 5-yearly projectionuntil 2035 (for
decadal)and 25yearlyprojectionuntil 2095(for longtermprojection)

Ml Climate Model ling

Climate modeling is commonly carried out to identify the influence of climate factor
toward changes of intensity and frequency of flood and tidal flood in the study location,
as well as impacts of the interaction between climate factor, land physical condition, and
sea parameter to the flood event.

Consideringthe rapid physicalchangestaking place in the studiedcoastalarea and
the urgency for shortterm recommendationdor policy formulation purpose, the
climatemodelingprocessin this study will also involvenearterm projection(decadal
prediction)n additionto longtermone.

Decadal prediction utilized hindcast and forecast database published by Global
Climate Model (GCM) from the Climate Model IntercomparisorProject Version 5

(CMIP5) whichwas speciallydesignedfor projectionof shortterm climatechangethat
was based on predictionof decadaland interdecadalclimate variability The global
data was afterwardsdownscaledto capturethe local characteristicsof the studied
locationand reduce biasesin the global model output The downscalingcalculation
was also usedto developthe NationalMidTermDevelopmenPlan (RPIJMN)of 2020

2024 Thedecadalpredictiorfor this studywas developedor 5-yearlyperiodcovering
20202035 and the componentghat were analysedwere probabilityof monthlyrainfall
characteristicandwetextremeindex

SUMMARY REPORT
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Downscalingto the GCM was also used in the longterm projection process to
increasethe resolutionof spatialand temporaldata The projectionalso utilizedthe
daily resolutionoutputsfrom the RegionalClimate Model (RCM) to calculate more
detailedextremeindex Basically,climateprojectionwas baseduponthe possibilityof
radiativeforcingflow causedby the increaseof greenhousegas emission Whilethe
decadal predictionemphasizeson the influenceof naturalfactorsto low frequency
climatevariability,longterm climate projectionstresseson the role of anthropogenic
influenceto futureclimatechange whichis markedwiththe increaseof GHGemission
in the atmosphere

The longterm climate projectionwas illustratedinto 2 scenarios,namelyRCP 4.5 to
represent moderate scenario, and RCP 8.5 to represent extreme scenario The
componentghat were analysedin the longterm projectionwere rainfalland extreme
index

LONG TERM
PROJECTION

DECADAL
PREDICTION

Policy and decision makers Researcher

Longterm up to 2095 with

Near term up to 2035 RCP 4.5 and RCP 8.5

Statistical downscaling hindcas Downscaling GCM and RCM
andand GCM forecast

A Probability of monthly rainfall A Rainfall
anomaly Extreme index (wet and

A Wet extreme index dry)

Utilization of IPCC AR-5 Climate Model Processed for Study Location (Source: Moss et al. (2010))
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PrOJeCt|On Of Sea LeVEI Rlse /‘and Subs‘denu‘//DEMNASfDTl\e//Land CoverMa// Precwpwtanon/ /Lwleralu

The projectionof sealevelincreaseuntil 2040was carriedout
by utilizingthe databaseon annualsea levelfromthe outputs
of RCP 4.5 model(for Pekalongarand its surroundingarea)
The average spatial value of this model output was
subsequentlycorrected with altimetric historical data from
Copernicus

(oMl Flood Model Development

The flood model was utilized by using the AgentBased
Modelling(ABM) processwith spatial resolutionof 30«30 m.
ABMis a computationamodelthat positionsan agentas an
object that can interactand respondto the | a n physikal
condition(Condroand Widagdo 2017.

In this study, rain water and sea water (in debit form) were
set up as an agent, and the responsesof both to the
environmentatonditionwere definedas the inundationlevel
whichhas spatiotemporaldimension

In the ABMsimulatiorprocess,the rainwater/seawaterdebit
will move in everytime unit The movements influencedby
its interactionwith the climate factor and | a n physgal
propertieswhichin turn will generatethe value of inundation
levelbothtemporallyand spatially

The physicallandanomalyis representedy datafromDigital
Terrain Model (DTM) which have been correctedwith field

measuremen{with geodeticGPS), data on land subsidence,

as wellas dataon land coverageandtype of soil to calculate
the abstractionof rain water and sea water within the study
location
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Tidal Flood MME Statistical
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Flash Flood Debit

. . Climate Decadal
Tidal Flood Debit /Fru]ect\cn/ /Predu:nun/

Land Subsidence

Y

Hydrological

Scenario

Model

Inundation Rate

Inundation
Spatial Distribution

Framework of Flood Model Development for the Study Location (Author Team 2020))

RO

Flood hazard index for each projection period was Notaffected (NA) 0cm

determinedbased on the inundationlevel and
fromthe ABMsimulatiorresulton everygrid

For locationswith baselineland elevationunde
the inundationlevel value was made from sea
minusthe relativeland heightagainstthe datum

land level

rsealevel,
level value

Very Low (VL) 0.01-4.2 cm 0.2
Low (L) 4.2-31.7 cm 0.4
Moderate (M) 31.7-77.83 cm 0.6
High (H) 77.83-192.74 cm 0.8
Very High (VH) >192.74 cm 1

Categories of Flood Hazard in the Study Location (Author Team, 2020)
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2.3 | Vulnerability  Analysis Method

The Intergovernmental Panel on Climate / i AAé 0 OUei AUO
which a system is susceptible to, or unable to cope with, adverse effects of climate
change, including climate variability and extremes. Vulnerability is a function of the
character, magnitude, and rate of climate change and variation to which a system is

U eCGUO. i 9gG GUAGi giijigK. AAO i1 gG AOA&giijU DA
with three dimensions, namely level of exposure, sensitivity, and adaptive capacity.

The steps of vulnerabilityanalysisin this study comprisedof
sensitivity analysis, exposure analysis, adaptive capacity

1. Sensitivity analysis, and vulnerabilityanalysis The analysis processis
2. Exposure conductedfor baseline conditionand the 5-yearly projection
3. Adaptive (until2039.

Capacity

The processof vulnerabilityanalysisinvolveda series of indicatorsthat numerous
literaturestudiesand FGDswith expertteam consideredas beingable to represent
the conditionof sensitivity exposure and adaptivecapacityin the studylocation In
the analysisprocessfor each vulnerabilitydimension,this indicatorwas classified
into severalcomponentand wererespectivelygivenweights

The database of indicators was obtained from primary and secondary data
collection, both spatial and nonspatial ones, which comprised geospatialdata
analysis (for spatialbased data), questionnaire (community, regency/city
governments, and villagelkelurahal and statistic data collection at
villagelkelurahanevel

In the vulnerabilityanalysis process, an analysison land use change and land
subsidencewasalso conductedo furtherincreasethe accuracyof the analysis

SUMMARY REPORT
Climate Risk and Impact Assessment in Kupang Watershed
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SENSITIVITY
The degree to which a Thenatureandlevelofwhich

EXPOSURE ADAPTIVECAPACITY

The ability of a system to

system is affected, either a systemis exposed to
adversely or beneficially, bysignificardlimaterariation
climateelated stimuli

adjust to climate change
(including climate variabili
and extremes) to moderat

potential damages, to take
advantage of opportunitie
or to cope with the
consequences

10componest

8 componest

15componest

14sensitivity indicator 12exposure indicator 29adaptive capacity

Questionnaire for regency/ciftatistialand geospatial indicatar

government, analysis data
villagedelurahgrand

Questionnaire for regenc
government,

statistialdata villagddelurahgrcommunit

and statisaédata
Building Blocks of Vulnerability in Climate Risks and Ir{#aattisrStedsn, 2020)

District Community Questionnaire

12 252

2 34 84

Gender Representation
Questionnaire

Regency/City VillageKelurahan

Zurich Flood Resilience Alliance



A. EBEERSIIYZEWSS

The Sensitivity Index ($ composed of Indicator Component (Weight) Component (Weight)
10 components that consists of 15

indicators that are considered as capable Percentage of npermanent Infrastructure & Land Ownership

of representing the sensitivity dimension in building of the total building Settlement (0.110) (0.080)

the study location; each of the components
and indicators are then given weight. The
Sensitivity Index value was obtained from
addition of values of all components being
used in accordance with the weight given
to each of those components. The index
was afterwards divided into 5 classes,
starting from very low to very high.

Description:

/S= Sensitivity Index

/ = represents villagefe/urahamumbeti,
/ = indicator numbey

W = weight for every sensitivity indicator

9 I SUMMARY REPORT
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% of size of green area

Spatial Planning
(0.095) Health (0.080)

per village
Ratio of poor population Poverty (0.120) v Critical Asset
Sensitivity (0.100)

Ratio Of- number of femalg Vulnerable GRDP of the Affected
population (Gender)
Ratio of number of elderly  Group (0.115) Sector (0.085)
population (>60 years
old)

; . Infrastructure
Ratio of number of child . -
population (>12 years Per Capita Facility and Utility
old) Income (0.125) (0.090)

Ratio of number of people
with disability

% of RT (neighborhood) which residents are

farmerdijsh porets, or fishers against total

livelihood per village VH H M L VL
Level of low to very low per capita income of

the population per villkgjefahan

1 0.8 0.6 0.4 0.2 0

Component, Indicator, Weight and Class off3swesitstiAuthor Team, 2020)
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% of sulmeighborhood (RT) that
have no legality (ownership) of
land per village

Number of incidents of water
borne disease per district.

Number of critical asset/important
asset damaged/affected by flood
and tidal flood

Percentage of GRDP
contribution per affected sector
(fish pon@griculture) per

district

Classes of roads that are
often affected

Dynamic projection

Static projection

Zurich Flood Resilience Alliance



Flood

=} Exposure Analysis
ﬁ Resilience

Exposure Index (B composed of 8 === Alliance

components that consist of 12 indicators
that are considered as capable of
representing the exposure dimension in the
study location; each component and

Indicator Component (Weight) Component (Weight) Indicator

A Description _
indicator is then given weight. The A Land morphology S'”I;aStrUC:U89182LS A %of area facing land
exposure index value was obtained from A Topography ettiement (0.125) subsidence per village
the addition of value of all components A Distance from river and
being used in accordance with the weight Distance from canal that potentially cause
given to each of those components. The Geomorpholog Dlsa(s(,)telrzzc)nurce flood and tidal flood
index was afterwards divided into 5 Land geomorphologic (0.100) s . A Distance from coastal line
classes, starting from very low to very highcendition (alluvial plain) : N that potentially CapSes Ces
, g y y high. XXX flood
Exposure
LL ) Beach ) ) -
Beach erosion area erosion/sedimentatio Population density per village
0.115
Description: A % of productive land use area Sizg of ;ettlgment area located
_ ' per affected village Land use (0.135 at river riparian/beach

'K = Spesdie In.dex . A Type of land use with domina (

/= represents villagete/urahamumbedii, size proportion (>50%) per

J/ = indicator numbey village¢elurahan VH H M L VL Ovnamic oroiection

Wj= weight for every exposure indicator yhamic projectio

- - Static projection

1 0.8 0.6 0.4 0.2 0

Component, Indicator, Weight and Class of Exposure Dimension Index (Author Team, 2020)
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C. NO  COMPONENT (WEIGHT) INDICATOR
) ) Regulatory support from spatial planning aspect A Flood
The Adaptive Capacity Index (A€)composed 1 |Regulation and Planning (0. Mitigation of flood and tidal flood in RPIMrtVDevelopment Plan) ane gﬁ’i‘gfcr::e
of 15 components and 29 indicators that are 2 |Disaster Financing (0.080) |Local financing supfarflood mitigation
considered to be able representing the adapti . . _| Existence of early warning system for flood
. . L . 3 |Disaster Early Warning (0.0 : : -
capacity dimension in the study location; each Existence of early warning system for tidal flood
component and indicator is then given weight| , In.stitutional arrangement in f( Existence sérviceenteand information disseminésiditood and tidal flood
The value of adaptive capacity index was Disaster Service Center (0.0(Qg al ity ”o f gove rflmmgepatednesg encyob6s service in
obtained from the addition of values of all Institutional arrangement in f EXISICIeCIOHIESIIEht .(preparEd) community group : :
. ] 5 . Background of establishment of disaster resilient community group, such as KSB (Disaster Preparedne
components that were used in accordance wit iy EieU (G (Kelurahabisaster Preparedness Group), SIBAT (Cchareadifisaster Preparedness), etc.
the weight given to each of those components ; Existence of disaster mitigation program
The index was afterwards divided into 5 0 || R PEg R () Existence of conservation/rehabilitation program to overcome flood and tidal flood
prog
classes, starting from very low to very high. 7 Education, Counseling, and |Ratio of higher education (SHS/VHS, IHS, and University)
Knowledge for Community (J Counseling and assistance for mitigating flood and tidal flood
: e Kelurahduillage scale disaster mitigation plan document
|| () Document and implementation of RAD PRB (Regional Action Plan for Disaster Risk Reduction) of City/K
HL 9 |Preparedness and Continger| Plan and steps of preparedness activity to mitigate flood
(0.080) Existence of SOP for flood emergency (contingency) situation
Speed of emergency (contingency) implementation by government/agency during flood.
--------------------------- Plan and steps of preparedness activity to mitigate tidal flood
Co Existence of SOP for emergency (contingency) during tidal flood
Description: ; - - —
KA= Adaptive Capacity Index Speed of emergency (contingency) implementation by government/agency during tidal flood.
. . C. Infrastructure for Flood and T __. : :
/= represents villagete/urahamumbeti, 10 Flood Control (0.070) Existence of polder, retention pool, sea dike, etc.
/= indicator numbey Communityds P . . . .
W= weight for every adaptive capacity 11 flood and tidal flood (0.045) Communityés direct perception (response/ accept
indicator 12 |Local Wisdom (0.035) Local wisdom associated with flood and tidal flood
13 [Wellbeing (0.075) Percentage of prosperous family
VL L M H  VH Availability of education supporting facilities and infrastructures
Infrastructure FacilityandULPer centage of household regarding 6main fuel 6
14 ' Limited clean water source facility (percentage of number of family cnvatmsi{g AMADAM))
oot e e el (@) Quality of drainage in the vitielgeahaadministrative area
Static projection Percentage of number of household having decent sanitation facilkédsratheiidgenistrative area. e
15 RISl (RN a NI T ENTS Proportion of poor community having the KIS (Healthy Indonesia Card)/BPJS

Dynamic projection

(0.045)

SUMMARY REPORT
Climate Risk and Impact Assessment in Kupang Watershed
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DM \ulnerability Analysis

The vulnerabilityof study area towardflood and
tidal flood was obtainedfrom the multiplication
functionof the Sensitivity(S), Exposure(E), and
Adaptive Capacity (AC) The result of the
vulnerabilitymodel was then classifiedinto 5
vulnerabilityndexclasses,fromverylowto very
high, whichresultis shown spatiallyto provide
an illustration on vulnerability level of each
villagelkelurahann the studylocation

=F
Description
V = Vulnerability
S = Sensitivity
E = Exposure
AC = AdaptiveCapacity
VH H M L VL

1 0.8 0.6 0.4 0.2 0

SUMMARY REPORT
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=M Projection of Vulnerability Index

Consideringdata limitationand characteristic®f all indicatorsbeing used, not
all indicators in the three dimensionswere projected in the process of
vulnerability index projection The nonprojected indicators included those
associatedwith

A Communityperception(fromquestionnaire)
A Policyelements

A Naturalphysicalconditionghattendedto be stablefor a long periodof
time

Otherindicatorsthat were not associatedwith the abovethree conditionswere

projectedby using statisticmethodand spatial dynamicwith cellularautomata

simulation

The spatialdynamicmethodwas only usedfor the land use projectionprocess
Therewere20indicatorsusedin this model,comprising

A
A

oo T o T To I

A

Existinglanduse

The driving factors comprisingroad network, distance from road network,
transporthub, publicand socialfacility,industrialplanspatialallocationtrade
and service, beach tourism development, and centers of
districtlkkelurahahvillage

Limitof floodinundatedarea, limit of forestarea,andlimitof greenareg
Floodcontrolinfrastructurg

Existinglanduse

Coastalline

Permaneninundatiorareg

Weighted factors and constraints in settlement area, industrial area,
inundatiorarealanduse, greenarea,and protectiorareg and

River

(\ Flood
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2.2 | Risk Analysis Method

Risk is defined as a measure of potential damage or loss in asset/ anomaly,
environment, and human, which can happen when a threat becomes a reality,
including the level of severity that needs to be anticipated (IPCC,2007).

In this study, risk is a functionof parametersof hazardand vulnerability The result of
risk spatialmodellingis then classifiedinto 5 indexclasses,fromverylowto veryhigh
The risk map producedhas a gridscale analysisunit, which displaysoverlayedwith
villageadministrativdooundary

Althoughthe map displayedhas a grid analysisunit, in the analysisprocess,it will
showa maximumvalue of the entiregrid in that particularvillage/keluraharboundary
Thus, if a villagelkeluraharhad a very highrisk area (while othersare very lowhigh),
the villagelkeluraharmould still be categorizedas of very high risk, since the one
takenwould be the maximumvalue This is conductedso as not to neglectthe real
conditionthat there are partsin that particulararea havinghigherrisk than the other
areas As for the map, the displaywith grid analysisunit was selectedto providea
spatiallymore detaileddescription particularlyfor the floodaffectedareas This way,
spatialand nonspatialrisk analysiscouldbe generated

Similarto the hazard and vulnerabilityanalysis, the risk analysis processwas also
carried out for baseline conditionand projectionto 2035 (with 5-yearly projection
period) The analysisprocessdid not only look into the trend in risk index changein
the studylocation,but also at the potentialimpactof flood inundation(permanentand
the farthest)o the land use in thatlocationfromspatialperspective

SUMMARY REPORT
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CLIMATE

Natural
Variability

Anthropogenic
Climate Change

EMISSIONS
and Land-use Change

IMPACTS

RISK
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SOCIOECONOMIC

PROCESSES

Socioeconomic
Pathways

Adaptation and
Mitigation
Actions

Governance

Ilustration from the Core Concept of IPCC WGII AR5 which Contains Scheme on Risk Study (IPCC, 2012, 2014)

1=q 7

VH H

5 4.2

V' =Vuinerability

! Description
! R = Risk

! H = Hazard
1

1

M L VL

3.4 2.6 1.8 1.4
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2.5 | DTM, Land Use and Land Subsidence

Thethreeanalyseswere conductedo correctand increaseaccuracyfromthe spatialvulnerability
analysisprocessandservedas an inputto the hazardanalysisprocess

'Sl Development of Digital Terrain Model (DTM)

The coastalareain the study locationhas very flat topographyand highly influencedby the land
subsidence For spatiatbased study process, particularlyto analyzethe coastalarea, it is very
necessanto havethel o c a topographidatawith highaccuracywhichcurrentlyhasnotbeen
obtainedyet from the secondarydata The availablesecondarydatathat are commonlyused are
the DEMNAS(DigitalElevationModellndonesia) For the conditionof the studylocation, DEMNAS
did not possesssufficientaccuracyand might thereforeinfluencethe study result Thus, in this
study,DTMwasdevelopedo providemoredetailedspatialinformation

The DTMdevelopmentvas initiatedby mappingout the detailedland surfaceelevationusingthe
GeodeticGPSinstrumenin a veryflatareain the PekalongarCity/Regencycoast,whichwas part
of the studyarea The datawerethenmosaicizedwith the DTM dataformedfromthe topographic
basic map of scale 1:25000to obtainthe Digital ElevationModel (DEM)data of the entire study
location

The new DEMthenbecameinputdatain the inundatiormodellingprocess,so that the constructed
modelwouldhave higheraccuracyand morerepresentativeof the studyl o ¢ a tanditionil'se
modelingresultsshowthatthe downstreamand coastalareashave a relativelyflat elevation yet it
shouldbe notedthat there are spotsacrossthe coastalareawhichelevationis lowerthanpointQ
(evenuntil -4 m) belowsurface The areasare generallyalreadypermanentlyinundated Starting
frommiddleto upstreamarea, the land surfaceelevationbecomeshigherwith the heightrange of
5002,075m; showinga ratherhighinclinationn thatarea
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B. HENUS:

The updatingof land use was carriedout on the last land use map of the PekalongarRegencyand
City Governmentswhich used the Sentinel2A high resolutionsatellitedata in 2019 (Copernicus
USA, 2019, and highresolutionsatellitedata of WorldView2 (ESRIOnlineBasemap 201§. Land
use fromthe existingdigitalmapwasreclassifietby usingthe mostrecentsatellitedata, whichwas
then mosaicizedand split off in accordancewith the study location The most updatedland use
mapwas usedto fill out the indicatorsof baselineconditionin the analysisprocessand servedas a
basicmapto conductianduse projectionin everyanalysisperiod

The land use updateshowsthatin 2020 the majorityof coastalareaare fish pond and inundated,
withlittle settlementarea Fordownstreamarea,the landuse is dominatedby settlementarea with

little ricefieldin the east and west side of the studylocation As for the middlearea, the dominant
land use is ricefieldwith settlementarea that are spread, yet with a relativelysmallersize The

dominatiorof productivdland and prote¢ed areabecomemorevisiblein the upstreamarea where
the types of land use constitutea mix betweenricefield combinedgarden, plantation,field and

forest(protectedand productive) with smallersettiementlustersthatare spreadacrossthe area

In the study process, a land use projectionwas also carried out using the cellular automata
simulationwhichis a spatialdynamicmodelto processthe land developmentn seriatbasedfrom
year to year. The land use projectionserved as the basis to conductvulnerabilitydimension
projection particularlyfor the exposureand sensitivitycomponents In addition, the land use
projectiorwasalsousedin the risk analysisprocessto look at the impactsof changesin inundation
size (permanentand farthest)to the land use in every period whichtypes of land use mightbe
inundated so as to ensurethat the anticipativemeasuresto be takenwouldbe more effective The
land use projectionwas carriedout by assumingthat there was no changesin the total land size
duringthe projectiorperiod
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The data on land subsidencewas neededin conductingthe spatialanalysisprocessto

filkout the data in the exposureindex indicator, namely proportion (%9 of area size
undergoingland subsidenceper village In addition,the spatial distributionof the land
subsidencewas also utilized as one of the land physicalfactors influencingthe flood

modelling process in the hazard analysis, including the potential occurrence of
permanentnundation

In this study, the land subsidencedata were obtainedby using Sentinell satellitedata
analysisthat applied differentialSAR interferometrionethod The data obtainedwere

6°54'30"S
|
[
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land subsidencerate for 2019 (JanuaryDecember) Throughoutthe study process,the Pekalongan
ratewasassumedo be constanteveryyear(noincreasenordecreasein rate) REEEIEY

Thedataprocessingesultsshowthatthe rate of land subsidencen the studylocationis
relativelyhigh which rangesbetween0-345 cm/year (median+ 165 cm). For coastal
area, the land subsidencerate rangesbetween11-345 cm It is visible that the study
locationin PekalongarRegencycoastgenerallyhas highersubsidencerate than that of

PekalongarCity coast SemutVillage, Tratebang and Pacakaran are the three coastal
villagesthat have spots with land subsidencerate up to 345 cm/year, in additionto
Bebeland KarangJompoVillagesin the downstreanarea

7°1'0"S

As for PekalongarCity, the highestland subsidencerate takesplacein KelurahanTirto

7°1'0"S
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(i.e. up to 345 cmlyear), Jenggot and Buaran Kadranan The relativelyhigher land 0 15 3 9
subsidencein PekalonganCity generally takes place in the downstreamarea and Kilometer
locationsborderedwith PekalongarRegency Legenda
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. Map of Land Subsidence Rate of 2019 (Author Team, 2020)
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Anothemoteworthyaspectis the relativelyhigh land subsidencen the centralarea where
there are locationswith land subsidenceranging from 11-23 cm/year These numbers,
however, are still below those of the downstreamand coastal area However,the land
subsidencerendin the middleareastill needsto be anticipated

Throughouthe studyprocess,the datawerealso spatiallyand nonspatiallycomparedwith

other study results in Pekalonganarea The study conductedby ITB GeodesicTeam

suggestedthat the coastal area and downstreamarea of PekalonganCity experience
averageland subsidenceof 1-10 cm/yearin 20122018study period furthermore yarious
spots were also found with the land subsidencerate of 1520 cm/year within certaintime

interval Anotherstudy by Kemitraansuggestedthat the land subsidencerate from 2015

2017in the coastalarea and downstreamarea of PekalonganCity rangedbetween11-30

cm (achieving 34 cm in certain spots) and became smaller downsouth, with land

subsidencepredominantlyook placein the easternpart

Spatially,it can also be seenthat bothresearchand studyresultsshowa relativelysimilar
spatialdistributionof land subsidencerate However,in 2019 the study resultsshowthat
land subsidencearea becamewider, particularlyheadingwest and southward,thus no
longerdominantin the east part Spatialand nonspatialperspectivesvise, it can be seen
that the land subsidencedatain this studyare relativelyin harmonywith the historicaldata
fromotherstudies It is noteworthyhowever thatthe two studieshave not passedthrough
the field correctiorsteplike thatwhichhas beenconductedn this study.
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2.6 | Impact Analysis of Economic and Non

Analysison the impactof economicand norreconomicloss is a processof estimatingand assigningmonetaryvalue on economicand noneconomiclossesfrom floodrisk The
economicvaluationas a monetaryindicatoritselfwill dependon howsocietyrespondgso and acceptsthe changesthatoccur(Putriet al, 20079.

- Economic Loss

A Flood
N [ Resilience

s Alliance

Consideringthat flood eventin the Kupangwatershedhas becomea recurringeventfor a long periodof time with an everincreasingntensity,a microescale analysisprocessthat
involvesthe most affectedcommunitiesas the subjectis deemedas criticalto be done since they have specificcharacteristicghat differentiatethem from the other general

communitygroups(Geestet al., 20173. Therefore the geographicakcopefor impactanalysisof economicand noneconomidoss underthis studyis the areawith high and very

highrisk levelbasedon risk analysisresults(bothbaselineand projectioncondition) Thereare 42 villageskelurahanacross? sub-districtswithinPekalongarCity and Pekalongan

Regencyadministrativearea that were asessedas a high and very highrisk area and they will be referredto as the hotspotarea The primarydata collectionprocessfor the
analysisinvolves289respondentsn 42villageskelurahan

Threesub-analysiswere conductedas part of this particularimpactanalysis,namely analysisof communityrisk characteristicand perceptionanalysisof Livelihoodvulnerability
Index and analysisof the value of economicand noneconomicloss wherethe first two sub-analyiswill providean overviewof the socicculturalimpactsexperiencedby the

affectedcommunities

Impact
Analysis of
Economic

e

@
Community Risk Characteristics
/ and Perception

and Non
Economic
Loss
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Economic and Non Economic Analysis Process (Author Team, 2020)

Identification of socieconomic
characteristicef the affected
communities and their rigerception
onfloodandflood impacts

Systematic aalysisof the interaction

between humans and the physical and
social environmentelatedto flood
events

Monetary valuation for economic and

noneconomic losses due to flooding
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Perception

A. Community Risk Characteristics and

The risk perceptionanalysisin this study is a subjective analysis regardingthe
perceptionof the affectedcommunies on floodrisk (and the relatedaspects) Due to
this subjectivenature, risk perceptionwill be built upon individualintuition, personal
awareness, personal experience, immeasurablelosses, individual factors, and
individual actions of the affected communies. This risk perceptionwill help in
determiningthe appropriaterisk managementscheme to be implementedin the
community Identificatiorand analysisof communitycharacteristicsn the 42 hotspot
areasinitiatesthe risk perceptionanalysisprocessby providinginformatiorrelatedto
the profilesand culturalcharacteristic®f the local community

Components of Community Risk Characteristics and Perception Analysis
— CommunityCharateristis | — Risk Perception —
Gender Flogd
Experience
Gender Anxiety
Age Impact
Knowledge Experience
Livelihood Anxiety
Direct Impact Preparedness
Knowledge Preparedness

B. Livelih Vul ility | LVI Analysi
ivelihood Vulnerability Index (LVI) nalysis QFW

Resilience
Py Alliance

LVI analysiswill providea systematicoverviewof the interactionbetweenhumans

and the physical and social environmentby examining components socio
demographicprofiles, livelihood strategies, social networks, health, food, water,
housingand land tenure, and natural disasters(Shah etal.,, 2013, In this study,

adjustmentswere made to the componentsand sub-componentsused in the LVI
analysis process by taking into account the local context and data availability
(Appendixv).

Components of  LVI Analys is

Socieeconomy Flood WaterNeeds Food

Relief &
Management

Sickness and

Livelihood -
Disease
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LVICalculatiorSteps
iii) LVI Calcuébtion (eachlocation)

i)Calculatiorof SubComponentndex

O e .
X = = wmi. Mdi
27 Mo e %

* IndexSD = sub-component indexsd= sub-

componentSmin =minimum value; and Smax

. * LVId= LVIof the affected locatiomymi =
= maximum value

componentMdi =component value; and i

= subcomponent

A LVI Value Range 0 (Not Vulrerable)
until0,50 (VeryVulrerable).

i) Calculatiorof Componen¥alue

_ 8%, 00,
2 RAFETa0 Roe

A The same value weightingis used for

* Md= component standarization ratingdex Sa=
all componentsand subcomponents

sub-component index, ands sub-component
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C. Econom ic and Non - Economic Loss

Analysisof the economicand noneconomicloss is a monetaryvaluationapproachfor
economicand norteconomiclosses caused by floodingeventin hotspotareas The
analysed data was obtained from questionnairedata from 289 respondentsin 42
villageskelurahan Thereare 4 (four)lossescomponentghat are takeninto accountin
this analysis,namely i) Materiallosses ii) Nonmateriallosses iii) Agriculturalland
productivity and iv) Ecosystemservices The calculationis carried out for both the
baselineyear (2020 andthe projectedyear(2035.

[) Material Loss

Material loss aspects that were taken into account include adaptationcosts to
continuestay in the affectedareg repairmentcost medicalcost additionalcosts for
water, food, electriéty; waste handling costs as well as decreasedincome and
increasedousinesscost

C The calculation method for adaptation cost, repaiment cost, medical cost,
additional cost (water, food and electrical energy) and waste handling cost is
approachedy usingthe followingequation(Rosemarry2014.

~ o~
w 5y

€
ey a1 000
Y605= ————

* RBPb= average annual expenses
(Rp/year/HH),BPb =expenses value
(Rp/year); and £ Respondent numbean1,2,3
... numbem)

A The adaptationcostis determinedby: the numberof flood events,flood height the areaand
type of housng structure andalsohousingdensityin an area

A The real value of adaptationcost, repair cost, medical cost additional cost and waste
handlingcostincurredin the year the damageoccurredis convertedto the currentvalue by
usingthe interestrate of the Bankof Inoonesian 2019as the referencepoint
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C The calculationmethodfor the loss of incomedue to not carryingout economic

activities(as a resultof the flood event)followsthe equationbelow (Dhewanthiet
al., 200%:
* P = Invdividual loss of incoméHTKI =

B'%a1 UOY ' @OYC  jnumber of days of not conducting the activities;
& PRI =daily income of respondent numbgand
[ = respondent numbar(1,2,3, ...numbetn)

0=

C The calculationfor the increasein businesscosts is done by consideringthe
additional capital for re-investmentand working capital for agricultural and
aquacultureactivitieson the affectedland

li) Nonmaterial Loss

The nonmaterial losses that were taken into account are psychological/mental
disordersanddomesticviolence

C Flood eventscan cause psychologicakffect to the communitysuch as stress at
variouslevels The quantificationof the value of nonrmateriallosses for mental

disordersis carried out by referringto the IASC 2007 12 for service fees and
Ministerof HealthRegulationNo. 69 of 2013concerningStandardTariffsfor First
Level and AdvancedLevel Health Servicesin the Implementatiorof the Health

Insurance Program The utilized value for the calculationis the average cost
(roundedup)to coverroomcostsand otheractions

C Stresslevelsthat are too high due to floodingcan affectthe householdmentality

whichcouldthenresultin domesticviolence The quantificatiorfor loss due to this
domestiadisturbances carriedout by referringto the fine imposedfor eachlevel of
disturbanceas statedin the DomesticViolenceLaw (UU 23 2004.

Zurich Flood Resilience Alliance
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Recreationcost valueis generatedusing the TravelCost Method(TCM) TCMis an

21|

Taking into accountthe type of the affected productiveland type monetaryvalue
calculatiorfor the loss of productivdand was then conductedonly for agricutluraland
andaquaculturaarea:

C The affectedagriculturalandin the hotspotareais generallyusedfor rice fieldsor
secondarycrops The approachto deterninethe decreasein agriculturalland
productivityis done by consideringhe annualloss of profitthat shouldhave been
providedby the agriculturalland due to the loss of the said land (from flooding.
The profit of agriculturalland itself is calculatedby taking into account annual
productivityof ricefield, averagesellingprice and productioncosts wherethe value
usedis determinedasedon the interviewresuls and literaturestudies

C Theaffectedaquaculturen the hotspotareais generallyusedfor the cultivationof
milkfish and tilapia, either using monocultureor polyculturesystem Traditional
aguaculturamethodis not a rare sightin the hotspotarea, and this methodis often
seenbeingappliedin aguaculturdandthatare affectedby flood The calculatiorno
deterninethe declinein aquacultureland productivityis done by consideringthe
annualloss of profit that should have been providedby the aquaculturdand that
applies tradtional method due to the loss of the land (from flooding) The
assumptionauusedto determinethe advantagesof traditionalpondswere obtained
frominterviewswithrespondentsnd literaturestudies

iv) EcosystenfService

Consideringhe dataavailabilityto havean accuratecalculationthe economidossfor
ecosystemservicesdue to floodingin this analysisprocessis only approachedrom

indirectmeasurementnethodfor goodsor servicesthat have no marketvalue (norn
marketgood or service),such as toutism objectgsites. In this methodit is assumed
that visitors to a toursm site incur or bear economiccosts, in the form of travel

expensesandtimeto visita place(LiptonDW et al., 19995.

TCMCalculatiorStages

i)Clusteringof sociceconomicdescriptivedata for visitorsor in this case the affected
communitiesincludingtravelcosts
ii)Determinatiorof the deriveddemandfor touristvisits from certainareasby regressing

on variablesthat are consideredto have an effect on the numberof visits, namely
travelcosts(TC),income(Y) and travelcoststo the alternatetourisn sites (S); where
the distancewill affectthe amountof travelcosts

nVi=ro N TG+[5inY;+r4InS

* Vi = visit trip of individual i from zone J; Teifravel cost of individual i that comes from zgne.j
Yij =income of individual i that comes from zone j; &jdE travel cost to the alternate tourism
site of individual i that comes fro zone J

iii)_Determinationof consumer surplus (CS) by consideringthe total utility of the 7
resourcesutilized (U) and the total of the averagetravel cost of each zone (TCtota).
The utilitycostis an integralof the demandfunctionin the formof the numberof visits

V [i6 C4
the disturbancadn culturalfunctionof the affectedecosystemnamelythe recreational i a
function Therefore the economicloss will be seen from the calculationof recreation U p fVviav
costsof the communityin the hotspotarea cs FCp
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DM Projection Methods

The projectionof economicand noneconomiclossesin the hotspotareasis carried
out for the periodof 2020to 2035with a 5-year analysisrange Threescenarioswere
usedfor the projection

i) Scenariol : basedon the existinglandusedata in 2020that overlaidwith flood
modellingsimulatiorresultsin 2020 2025 2030and 2035

ii) Scenario2 : basedon land use changeprojectiongdynamicmodelingwith cellular
automata)that overlaidwith flood modellingsimulationresultsin 2020 2025 2030
and2035

iii) Scenario3 : basedon the spatialpatternoutlinedin the SpatialPlan of Pekalongan
City and Regencythat overlaid with flood modellingsimulationresults in 202Q
2025 2030and 2035

Thebasisfor the projectioncalculatiorare as follow
x Thevalueof futurelossesis calculatedbasedon the conceptof timeof value

x The futurevalue calculationuses a discountrate of 4.44% per year. This value
refersto the averageannualinflationrate in the study areain the last 7 years
(20132019.

x  The projectedpopulationof the affectedcommunityis calculatedexponentially
by consideringhe averagerate of populatiorgrowthper year.

x Projectionof flood areadistributiorfor eachvillagekelurahanareaaccordingto
the projectiortime period

x  The calculationof the proportionof the area in each villagekelurahanthat is
exposedto floodingis used as the basis for the simulationof the projected
valueof economicand noneconomidosses
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Bab 03.

HAZARD ANALYSIS

3.1 | Climate Scenario

/Ml Decadal Climate Prediction

The probabilityof the monthlyrainfallanomalyand the value and trend of wet extremeindex are
two aspectsbeinganalysedin the decadalclimatepredictiorfor 20212035

The analysisof probabilityof monthlyrainfallanomalyshowsthe tendencyof dominatiorof Above
Normal (AN) rain anomaly As an example, AN rainfallin 2021is predictedto take place more
frequentlyin study location,exceptfor Februaryand December particularlyin the upstreamand
middle areas Meanwhile,downstreamand coastalareas in the same year showsthe dominant
tendencyof Normal (N) rain anomaly The dominantAN rain predictionwas also found for the
followingyears,with differentspatialvaluesanddistributiorcharacteristics

Thetendencyof probabilityof moreraintakingplacein upstreamareacan be one of the indications
of the needfor a more comprehensivevatershedsystemmanagementhat coversthe entire parts

from upstreamto downstream Upstream managementmust be focused on reducing runoff
reachingthe middle and downstreamareas This will ensurethat the runoff passingthroughthe

downstreamor coastalareas will not exacerbatethe flood in those areas, particularlywhen the

rainscametogetherwiththe tide, whichin turnwouldleadto tidalflood

Wetextremeindexthatwas analysedunderthe decadalclimatepredictioncompriseof. 1) Rxlday,
whichis the highestdaily rainfallwithin1 year, 2) Rx&day, whichis the highest5-daily cumulative
rainfallin 1 year, and 3) R20mm, whichis the numberof rainydaysin a yearwithdailyrainfallvalue
of morethan20mm
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The historical and predictiondata show the indication of decreasingamount of
maximumannual daily rainfallintensity The Rxlday predictionin the coastalarea
generallyrangesbetween60-70 mm, whilethatin the upstreamarearangesbetween
8090 mm The Rxlday enhancemenin the coastalareawas predictedto take place
in 20322034with valuerangeof 90-100mm Fromeventprobabilityside, the decadall
predictionshows dominanttendencyof AN for Rxiday, with higher probabilityin
upstreanthandownstreanandcoastalarea

Similar to Rxlday, generally the prediction shows a decreasein Rxcday data
variabilityas comparedto that of historicalcondition The predictiorvaluefor Rx5day
in the coastalareatendsto be stablewith rangesbetween166180mm, whilein the
upstreamareait is predictedto increasein 2025with the averagevalue of 240mm
From event probabilityside, the dominantAN categoryprobabilitywas found more
frequentlyin the upstreamand downstreamareas as comparedto the middle,with
dominatiorareanotas wideas the probabilitypredictiorof Rxldayindex
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Prediction on the possibility of Wet Extreme Index anomaly of R20mm for 2021-2030
(Author Team, 2020)
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Oppositelywith Rxdday and Rx5day, for R200nm, there is a tendencyof increasing
intensityof the predictiondata and locationdifferenceswith tendencyof AN probability
domination The probabilitypredictionshowsthatthe AN conditionhas highertendency
to take placein upstreamand middleareas while N conditionpotentiallydominatesthe
coastalarea Intensitywise, the R20mm valueis predictednot to experienceany trend
changesin the coastal area, which ranges at 60 days value, while the one in the
upstreamarea is predictedto increasein 2025and 2034 with averagevalue of 130
days

In general,the decadalclimatepredictionindicatethe possibilityof decreasingntensity
of wetextremeindex yetwithan increasinghumberof wetextremeevents
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Historical Trend and Decadal Prediction of Rx1day Wet Extreme Index (above) and R20 mm
(below) (Author Team, 2020)
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=} Long -term Climate Projection
2021-2045 RCP45 2046-2070 RCP45 2071-2095 RCP45 2021-2045 RCP85 2046-2070 RCP85 2071-2095 RCP85
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The longterm climate projectionwas carried out for two scenarios,namely 1) RCP 4.5 which 7o 7o 7o~ 7T~ f@ A\FQ 30 2= Alliance

o

A

CDD (%)

representsmoderateconditionwith moderatemitigationmeasuresscenarioto maintainradiative f ' \3 / )
forcinglevel, and 2) RCP 8.5, which representsextremeconditionwith scenarioof no measures ¢ | |

J | ok
K‘\

conductedto limit the green house gas emission The period used for the longterm climate NI o
projectionis 20212095 e
The extremeindex analysedin this projectwas ConsecutiveDry Days (CDD), ConsecutiveWet g A’ [{ . ;K, '
Days (CWD),R10mm, R20mm, Rxdday, and Rx5day. The Rxlday, Rx5day, and R20mm indices 5 &/. g\g/ lk
are the referencefor wet extreme conditionthat is strongly interlinkedwith flood and landslide N <
events Meanwhile,CDD representsthe dry extremeconditionas it providesinformationon the
longestperiodof a day withoutrain consecutivelyvithincertainperiodof time, henceveryidentical z N & / Q
withdrought E1C 30 ™
The longterm climate projectionresults indicatesthat the study locationwill experiencewetter "-f‘};(ﬂ’“ ~NEE ot
condition Spatial analysisshows an increaseof intensity percentageand frequencyof extreme A
rainfalleventsparticularlyin coastalarea as identifiedby the increaseof percentageof changesof g Bt /Q
Rxlday, Rx6day, RLOmm, and R20mmindices Specificallyfor RCP4.5, the decreaseof percentage £ | B NIk )
of Rxlday and Rx5day indicesin upstreamareatendsto be largerand widerthan the increaseof @ 9 A h
percentagein downstreamarea The CWD index projectionstrengthensthe possibilityof wetter b i)
area conditionwith longer rainy day row, wherein RCPB.5 scenario,the percentageincreaseis - -
projectedto be >40% On the otherhand, the dry day row representecby the CDD valueshowsa £ I/r Q\ - L pe
notreallysignificanthangeof percentagen the future f ) 3 { )
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The Percentage of Changes in Extreme Index of Long-term Climate Projection (Author Team,
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oMl Range of Uncertainty

The climate modelling process was highly influencedby and strictly associatedwith
uncertaintyaspect The two climatemodellingprocessesn the study,namelythe decadal
climate predictionand longterm climate projectionwere not carried out to comparethe
results of both modelling processes, but rather to be used to identify the range of
uncertaintyof the simulatiorresults

The trend analysisfor the same period of data prediction/projectiorfperiodof 20212035
from the decadaland longterm predictionsshow an agreementwith regardto Rxiday
trend, namelythe decreasingrend betweendecadalpredictionand RCP8.5 scenario with
respectivedecreaserate of 0.13 and 0.81 mm/year A differenttrendis shownby RCP4.5
scenario,which showsan increaserate of 0.15 mm/year Thet r e digkdiianand rate
from the relativelyshorter data range (period of 20232035 might be differentwith that
whichwill be producedusinglongerdata (periodof 20212095.

3.2 | SealLevel Rise

Thesealevelrisefor Pekalongarareais projectedio take placeuntil2040 The combined
resultsbetweenobservationand outputof RCP4.5 modelshowthe sea levelrise in this
arearangesaround0.81 cm/yearwith R?> = 0.8341 The increasevalueis consistentwith
the resultsindicatedin the IndonesiaThird NationalCommunicatiorReportof 2017 The
increaserateis higherthanthe averageincreaserate in JavaSea, whichis 0.39 cm/year.
With such an increaserate, the sea level value in Pekalongarnwater will reach 130cm
valueby 2040
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3.3 | Inundation Modelling

The inundationmoddling was conductedby using the extremevaluesof eachinput
With regardto runoff,the data usedwere the maximumRxlday datain eachgrid that
are obtainedfrom the decadal predictioncalculation,and 95" percentilevalue for
RCP4.5 and RCPB.5 scenarios For tidal flood, the dataused were the 90" percentage
of tidalwaterlevelduringobservatiomperiod Forland subsidencethe datausedwere
thosefrom 2019analysisthat assumedconstantdecreaserate overtime The decadal
predictiondata were usedto showthe possibilitybased on naturalfactorinfluenceto
the climatevariabilitywithinyearly and decadalperiod Meanwhile the 95" percentile
value of RCP scenariowas aimed at representinghe most severe possibilityof the
uncertaintyrangeproducedby the modelin eachscenario

The simulationwas conductedby lookingat the situationduringtide and extremerain
to incorporatethe interactionbetweenrain waterand sea water Otherthanrain data
input, the rain watersea water interactionalso served as a differentiatingfactor
betweendecadalpredictionsimulatiorwithRCP4.5 scenarioprojection

Theinundatiorspatialmodeldevelopedwvas dividedinto threegroups,namelythe total
flood inundationrmodel,whichis the combinatiorbetweentidal flood and flood due to
extremerain (rainflood),and a separatemodelfor eachtidalfloodandrainflood

Wl Observation Period (2015 -2019)

The inundationrmodelsimulationduringthe observatiorperiodservedas the baseline
to comparethe outputs of prediction/projectiorresults model with that of existing
condition The land elevationdatausedfor thisp e r i sondlatisnwerethe corrected
DTM of 2020 while for extremerainfall, the data used were the maximumRxlday
valuefrom20152019period
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During observation period, the total
inundationheight in the coastal area
was dominatedby tidal flood, whereas
in coastalareathatis directlybordered
with the sea, the inundation might
reach up to >2m high Fairly high
inundation (up to 0.8 m) were also
found in the middle area such as
Pakisputih Pejambon and Kuripan
Yosorejo

For areas located far from the coast,
inundationoccurrencds predominantly
causedby flooddueto extremerain
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=Ml Inundation Modeling of 2021 -2035

By includingthe sealevelrise factor,constantland subsidence
rate, existing land use and changesin rainfall intensity, the
simulationshows that the inundationarea will be broaderin
every projectionperiod In general, the discrepancybetween
RCP 4.5 and decadalsimulationis more significantlyvisiblein
the inundatiorareacausedby the flood

The modelsimulationresultsshow that the heightof rain flood
inundationranges between0-0.4 m and does not experience
any significantchangesspatiallyin variousperiodsof time The
highestincreaseof rain flood inundationoccursin severalgrids
in the east and central areas (such as Klegg Ponco)

WonokertoWetar). In the periodeof 20262030the inundation
will reach Pakisputihand Kalilembuwith inundationheightthat
will range between 0.8-1.6 m, yet the affected area will be

relatively small In middle area, there are also areas
sandwichedy tidalfloodand flood, suchas Klegg Ponco) and
WonokertdVetan

A more significantincreasein inundationsize and heightwas
foundin the tidal flood simulation,which was concentratedn
the coastalarea The inundationmodel simulationin various
periods show the increase of inundationheight until reaching
>2.4 m by the end of projection period, with expanding
inundatiorarea
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In the periodof 20212025(imagein page21), inundatiorwith height
of >2 m are predictedto expanddownsouthfromthe coastalarea,
and will expand also toward the east (Degayy Gamer, Setonq
Klegg and Kauman withi n u n d adighteachkingl.2 m) in the
periodof 20312035(side image) The inundationnear the coastis
dominatedoy tidalflood

Rainflood that occursat or almostat the sametime with tidal flood

might exacerbatethe inundationconditionin the east area, with

potential i n u n d aheighbachiesing 2 m. The permanently
inundatedareas are also predictedto expandin every period The

expandingpermanentinundationis caused by the expansionof

areaswith elevationlowerthan the averagesea level in the study
location

By taking into account the changesin size and height of the
inundationin every projectionperiod, some areas that potentially
experiencesignificaninundationincreaseare, amongothers Tirtg

PasirKraton PadukuharKraton KarangJompq TegaldowoBebel,
PesanggrahanSijambe and WonokertoWetan Meanwhile,other
areas that need to anticipate inundationincrease in the future
include Sapuro Kebulen Bendan Kregon Medong Podosugih
Pringrejo BuaranKradanan Jenggot Gamer,Kauman Klegq and
Poncol

Fromthe e v e iinfluéngeside, in variousprojectionperiodsit can
be seenthatthe inundatiorformationtendsto be influencedby tidal
flood rather than rain flood However,rain flood might exacerbate
theinundatiorin an area

29 SUMMARY REPORT
Climate Risk and Impact Assessment in Kupang Watershed

Inundation Level (Total Flood)
Deecadal Prediction (2031-2035)

Inundation Level (Tidal Fload)
Decadal Prediction [2031-2035)

Inundation Level (Rain Flood)
Decadal Prediction [2031-2035)

Legenda:
Seawall

Bl River

777 Permanent inundation TN s

Inundation Height S \

[ Jom st Tl

[ 002-04m

I 04-08m

oz 12m

[J12-16m

B is-20m

Bl o zam

. 24m

Dars,at
& UEEE DM nos

Legenda:

Seawall

B River

om

[ o0z-04m
I o4-08m
Il os-1.2m
[ 1z-18m
B s-20m
o z4m
zam

00555 a0as

7.7 Permanent inundation

Inundation Height e ‘\

Darsat
nos

Legenda:

Seawall

Bl river . ik
Inundation Height R \

om

[ o02-04m
I 04-08m
los-12m
I 1z-18m
Bl s-20m
o z4m
| e

Dais a1
055 ams nes

Inundation Level (Total Flood)
RCP 4.5 Scenario (2031-2035)

Inundation Level (Tidal Fload)
RCP 4.5 Scenario (2031-2035)

Inundation Level (Rain Flood)
RCP 4.5 Scenario (2031-2035)

Legenda:

Seawall
[

Permanent inundation

Inundation Height
[ Tom

[ o0z-048m
I os-pam
Bl os 12m
1z-16m
B is-20m
Bl :o-z4m
I 24m

Legenda:

Seawall
River

om
[ o0z-04m
I v4-08m
Blcos 12m
[12-16m
Bl is-20m
Bl zo-z4m
| EEE

Permanent inundation

Inundation Height R \

Team2020)

Legenda: &
Seawall o g

Bl River b AR E ‘5{\“/‘-\

Inundation_Height 3

Jom

[ o02-04m

I v4-08m

Mlos 12m

I 12-16m

B s-zom

Bl zo-zam

| e

Simulation of inundation Model for Period2tfZBit Decadal Prediction (above) and RCP 4.5 (below

A Flood
N [ Resilience

s Alliance

) (Author

Zurich Flood Resilience Alliance



30

3.4 | Hazard Modeling

The hazardindex value was formulatedby classifyingthei n u n d ddightonithé s
studylocationinto 6 classes,startingfromthe nonaffectedto very highlyaffected

/'l Observation Period

The hazardindexin the observatiorperiodshowsthat the hazardlevelin mostof the
coastalareas,with eastcoastas the exception(Degayuand Krapyal, are categorized
to be very high The high categorydominatiorwas foundin the southernarea of the
seawall including Wonokerto Kulon Tratebang Wonokerto Kulon AptApi
Pecakaran as well as somelocationsin middlearea such as Pakisputih Pejambon
and Kuripan Yosorejo Other areas dominatedby rain flood are facing moderate
hazardindex

=} Projection Period (2021 -2035)

The decadalpredictionin every period shows hazardincreasein the study location,
particularlyin the southernand middleareas In 20212025and 20262030 the hazard
categorywill increaseup to very high level in the southernparts of the seawalluntil
Medonoarea Similarincreasewas also foundin the east coast, from moderatelevel
to very high level category(for the majority) For the period of 20312035 the most
significantchange will take place in the southernarea of PekalonganCity, which
experiencesincrease of hazard category, from moderate or unaffectedto high or
moderate

The developmentof hazard index with RCP4.5 scenario shows a not significantly
differentpatternfrom that of decadalprediction,althoughthereis also tendencythat

the projectionresultswill have higherhazardlevelas comparedo that of the decadal
simulation The RCP 4.5 scenariowas usedto illustrateworse conditionas compared
to the decadalprediction
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Similarto hazardlevel in decadalprediction,in general,the northern
part of the study area experiencesincreasinghazard categoryfrom
moderate/highto very high accordingto RCP 4.5 projection The very
notabledifferencewas foundin the middle sectionof the study area,
whichfaces muchhigherhazardlevel comparedto decadalprediction
results

Several locations in middle area such as Jalilemby Pejambon
Pakisputih and Kwayanganhave moderate to very high hazard
category The high hazardlevelin this areais causedby the fact that
its topographys passedby stormwaterunoff

Withregardto the numberof affectedvillage,for PekalongarRegency,
both hazard projection schemes show that the number of villages
having very high (VH) hazard level in the period of 20312035 will
increaseby two foldsas comparedo the observatiorcondition(from6
to 1314villages)

A more significantincreasewill take placein PekalonganCity, where
during the period of 20322035 the number of kelurahanswith VH
hazardlevel will become 1822 kelurahans from initially 3 duringthe
observationperiod This increase will take place along with the
decreasingnumber of kelurahanswith very low (VL) and low (L)
hazardlevel

For the entire study area, the number of villagekelurahanwith VH

hazardindexis estimatedto increasefrom 10.7% during observation
periodto 25% 321% and 389% consecutivelyin 20232025 2026

2030 and 20332035 accordingto the decadalprediction Meanwhile,
the RCP4.5 scenarioprojectionsuggestedthat the increasewill reach
26.2% 381% and 429% consecutivelyin 20212025 2026203Q and

20312035
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Hazard Classification (2021-2025)

RCP 4.5 Scenario

Hazard Classification (2026-2030)

RCP 4.5 Scenario

Hazard Classification (2031-2035)

RCF 4.5 Scenario
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Observation Decadal Prediction Observation Scenario (RCP 4.5)
Hazard Level
2015-2019 2021-2025 2026-2030 2031-2035 2015-2019 |2021-2025|2026-2030|2031-2035

Not Affected 17 5 12 21 17 4 3 4
Very Low 38 43 33 24 38 38 37 33
Low 12 3 - 1 12 6 5 -
Moderate 6 2 3 3 6 4 4 -
High 10 5 4 2 10 3 3
Very High L 21 27 31 L) 22 32 36

Number of Villag&elurahanand Hazard Level in the Study Area (Author Team, 2020)
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L= Bab 04.

@ VULNERABILITY ANALYSIS

4.1 | Baseline Condition

A. EBEEASIIVYZAMEWSS

The sensitivitylevelin the studylocationis generally
situatedat moderatehigh althoughsome kelurahans
show low (Klegg and very low (Sapuro Kebuler)
levels In coastalarea, the analysisresultsshowthat
coastalvillagesin PekalongarRegencytendto have
higher sensitivitylevel as comparedto the coastal
kelurahansn PekalongarCity (whichare dominated
by moderatesensitivitylevel, exceptfor Kelurahan
Bandengai

Withregardto the buildingcomponentthe sensitivity
level in the study locationis dominatedby critical
asset componentrepresentedby the indicator of
numberof criticalassetsaffectedby the flood Being
a dominantcomponentjt showsa numberof critical
assets in the study location that are potentially
affected The more critical assets that might
potentiallybe affectedare, the moreburdensthatthe
local governmenthave to bear to mitigate the
disasterriskin that particularke/urahatvillage
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Infrastructure &
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Critical Asset . 4 Vulne(rlig;e Group
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¥

Per Capita Income
Health (K7) (E;)
Land Ownership

(K6)

Another componentplaying high influence to the

studyl o c a tsangitimitiiis the health component
representedby the indicatorof numberof incidents
of waterborne disease per district This incidentis

tightlyrelatedto the frequencyand intensityof flood
eventin an area The significantinfluencefrom this

componentto sensitivitylevel in the study location
shows that incidents of waterborne disease occur
rather frequently, particularlyin the floodaffected
districts
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=} Exposure Analysis

The spatial distributionof exposureindex shows
that the studylocationshave variedexposurelevel
from very low to very high, with higherlevel found
in upstreamandcoastalareas

The high and very high exposurelevel dominate
the downstreamand coastalareas, particularlythe
coastal villagelkelurahan(bordered by the sea)

wherethere are two villageswith very high level of
exposure, namely Pacakaran and Tratebang
Villages The exposure dimension is strongly
relatedto the potentialof an areato be exposedto
hazard potentials, so that it can be seen that
coastalareasthat have beenexposedto tidal flood
(and flood in downstream)and with relativelyflat
topographyhave higherexposureas comparedto

otherareas The high exposurelevelis very much
influenced by populationdensity and the highly
developedandin the area

The level of exposureof middleareais dominated
by moderate level although some villages also
showhighexposurdevel
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The emergenceof high exposurelevel locationsin

middleareaare generallycausedby its locationsthat
are situated close to water body, land use that is

dominatedby productiveand settlementareas, land

subsidencerate, as well as influenceof topographic
and geomorphologicahspects Meanwhile,upstream
areais dominatedoy low levelexposure

Domination analysis shows that demographic,
infrastructureand settlement componentsare the
most influential componentsto exposurelevel An
aspectthat oughtto be considereds the connectivity
betweendemographiccomponentswith land use as
well as infrastructureand settlementwith topography
The change of population density will influence
change in land use, while topographicchange will
influence infrastructure and settlement Both will
changethe potentialimpactsof a disasterincident
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(oMl Adaptive Capacity Analysis

The adaptivecapacitylevelsof the studylocation
range from low to high with regency area
generallyhaslowerlevelthanthatof city.

Moderate level adaptive capacity is currently
dominating the coastal area, except Jeruksari
Village (low) and Wonokerto Kulon Village,
KelurahanBandengan and KelurahanPanjang
Baru (high) Special attention is required to
Jeruksari Village and Kelurahan Bandengan
which have rather different adaptive capacity,
despitebeinglocatednext to each other Thisis
because institutionaivise (regulation,financing,
and early warning), KelurahanBandenganis at
betterlevelthanJeruksarVillage

For downstreamarea, the adaptive capacity is
predominantlynoderate The moreinclinedto the
middle and upstream, the more the adaptive
capacity of the study locationdecreasesto the
point where low level dominates except in
JrebengKembangVillage(high) The conditionis
caused by the adaptive capacity building
component, which is strictly related to the
institutionaframeworkof the local governmento
mitigate flood and ¢ o mmu nhi et xypliesrin e
dealingwithflood
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For middleand upstreamareas,whichcurrentlyrarelyor
have never experiencedany flood, it is only natural if
they are not being the main concern of the local
government in flood mitigation Likewise, the
c 0 mmu rpreganedneasss hardlysufficient

Lookingat the main componentsdeterminingadaptive
capacitylevelin the study location,it can be seenthat
the regulation and planning, disaster early warning,
preparednessand contingencyare the 3 dominantmain
components With regard to regulation, planning and
earlywarning,generallythe levelis very lowlow (except
re%ugatiorin PekalongarCity thatis alreadyhigh), while
the prgparednessand contingency components are
dominatedoy highveryhighlevel
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