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PekalonganCity and Regencyhave been continuouslyaffectedby flood and tidal flood.

From2002-2020, 66 flood caseshave been recordedin the area (BNPB2020). The flood

originatefrom a combinationof intensiverainfall,changesin land use and river body, as

wellas the sea tides(Pasaribuet al. 2013). Historically,Pekalongancoastalareahasbeen

experiencingsea level rise of 5 mm/year(COREM-UNDIP2020), whichis higherthan that

of JavaSea,whichis generallyat 3.9 mm/year(Kismawardhaniet al. 2018). Theareaalso

faces constantland subsidence,whichwas identifiedto rangebetween10-17 cm for the

periodof 2012-2018(Tempo,2019).

The recurringfloodshave causednot only physical(infrastructure)damages,loss of land

due to permanentinundation,but also decreasedcommunityüsincomeand increasedtheir

expensefor floodanticipation. This conditionhas posedadditionalburdensto the directly-

affectedcommunityas wellas localgovernmentüsfiscalsituation.

The high level of dynamicsin physical changes in the coastal area as well as area

developmenthave increasedthe complexityof flood events. Climatechangeimpactswill

further increasesuch a complexity. To formulatethe appropriatecontrollingmeasures,

properunderstandingon flood causalfactors,interactionbetweenfactors,and the areaüs

abilityin respondingto floodarecritical.

Reflectingon this condition,the developmentof an impactmodelcapableof explaining

the cross-factorsinteractionin a complexsystemis highlyneeded. Thedevelopmentof

a Studyon ClimateRisksand ImpactsAssesmentin PekalonganCity and Regencyis

a preliminaryprocessto buildsuchan understanding.

Bab 01.

INTRODUCTION

1.1 |  Backg rou nd

The study will analyze the threat of flood and tidal flood facing the location , review 

ģíÛ üĈÐÂģïĈĂ˭Ĝ ĳħüĂÛĘÂÎïüïģĶ(from physical, environmental ecological, social -

economic, and institutional aspects), and analyze the risks developed from such 

threat and vulnerable condition. The results will serve as THE BASIS FOR 

RECOMMENDATIONto enrich policies of Pekalongan City and Regency. 

Landscapeperspectiveand transboundarygovernanceare two key terms that shall

be adheredto by any stakeholderinvolvedin the developmentof this study. The

understandingthat Pekalongan City and Regency are located in one single

landscapeunit is the fundamentalreason of using landscapeperspectivein the

analysisprocess. The sub-systemsinteractionwithin the unity of the landscapeis

undoubtedlydynamic, where they also influence each other. Any changes or

interventionsto be carriedout in one locationmightbring about impactsto another

location,which might be locatedwithin a differentadministrativearea, thus making

transboundarygovernancesignificantin anyfloodmitigationefforts.
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To represent the areas affected by flood and tidal floods, the focus of the 
studyüs geographic coverage was the upstream areas all the way to 
downstream areas of KupangWatershed that are located within the 
administrative area of PekalonganCity and Regency, and the coastal area of 
PekalonganCity and Regency. There were a total of 84 villages/kelurahans
covered in the study.

Although KupangWatershed also passes across BatangRegency, for the 
purpose of this study, the villagesin BatangDistrict which are part of the 
KupangWatershed were not included into the geographic scope. 

Thestudyprocesscontainsseverallimitationsthatneedto be recognized,namely:

R The villages/kelurahanswithin KupangWatershedthat are located in Batang Regencywere not
includedinto the study location,althoughthey are still includedas part of the modelin climateand
hazardmodelingprocessto ensurethat interactionsbetweenfactorsarestill put intoconsideration.

R The rate of land subsidencewas assumedto be constanteveryyear, whichwas basedupon data
fromtheanalysisresultson landsubsidenceconductedduringthestudy(dataof 2019).

R Land use in the hazardanalysisprocesswas assumedto be constantthroughoutthe projection
period. However,landusechangewasaccommodatedin vulnerabilityandriskanalysisprocess. The
modelingof landusechangetendsto applya relatively-controlleddevelopmentscenario.

R Hazardanalysiswill only modelinundationand hazardfor decadalpredictionand RCP4.5 scenario
(withoutRCP 8.5); RCP 4.5 will utilize the percentile95 to representthe worstconditionthat might
takeplace(althoughin mid-termandlong-term,thisscenariois consideredmoderate).

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

R Dueto limiteddataand typesof indicators,not all indicatorsare projecteddynamicallyin the process
of vulnerabilityindexprojection.
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1.2 |  Geographic Scope

1.3 |  Study Limitation

The study locus is 
the Kupang

watershed area 
located within City 

and Regency of 
Pekalongan, and the 
coastal area of both 

municipalities .

MAP OF STUDY AREA

Administrative 

Boundary

Kupang Watershed 

Boundary

Pekalongan City

Pekalongan 

Regency

B. PEKALONGAN REGENCY

PEKALONGAN 

REGENCY

BATANG 

REGENCY

A. PEKALONGAN CITY
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This general framework of Climate and Impact 
Risk Study refers to the Six Steps Approach 
(GIZ, 2018), which is mainly aimed at 
understanding the climate-related impacts and 
risks in a study system and identify the 
appropriate controlling steps. 

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

5

Bab 02.

METHODOLOGY

2.1 |  General Framework

POLICY RECOMMENDATION

Livelihood 

Vulnerability Index
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The steps of hazard analysismethodwithin this study comprisedclimate modeling
(climatechangeprojection)in the studylocation,sea levelriseprojection,simulationof
conditionandprojectionof floodspatialmodel,andalsohazardanalysis. Theanalysis
processwas conductedfor baselineconditionand 5-yearly projectionuntil 2035(for
decadal)and25-yearlyprojectionuntil2095(for long-termprojection).

Consideringthe rapid physicalchangestakingplace in the studiedcoastalarea and

the urgency for short-term recommendationsfor policy formulationpurpose, the

climatemodelingprocessin this studywill also involvenear-term projection(decadal

prediction)in additionto long-termone.

Decadal prediction utilized hindcast and forecast database published by Global

Climate Model (GCM) from the Climate Model IntercomparisonProject Version 5

(CMIP5) whichwasspeciallydesignedfor projectionof short-termclimatechangethat

was based on predictionof decadaland interdecadalclimatevariability. The global

data was afterwardsdownscaledto capture the local characteristicsof the studied

locationand reducebiases in the global model output. The downscalingcalculation

wasalsousedto developthe NationalMid-TermDevelopmentPlan(RPJMN)of 2020-

2024. Thedecadalpredictionfor thisstudywasdevelopedfor 5-yearlyperiodcovering

2020-2035, and the componentsthatwereanalysedwereprobabilityof monthlyrainfall

characteristicsandwetextremeindex.

Downscalingto the GCM was also used in the long-term projection process to
increasethe resolutionof spatialand temporaldata. The projectionalso utilizedthe
daily resolutionoutputs from the RegionalClimateModel (RCM) to calculatemore
detailedextremeindex. Basically,climateprojectionwas baseduponthe possibilityof
radiativeforcingflow causedby the increaseof greenhousegas emission. Whilethe
decadalpredictionemphasizeson the influenceof natural factors to low frequency
climatevariability,long-term climateprojectionstresseson the role of anthropogenic
influenceto futureclimatechange,whichis markedwiththe increaseof GHGemission
in theatmosphere.

The long-term climateprojectionwas illustratedinto 2 scenarios,namelyRCP 4.5 to
represent moderate scenario, and RCP 8.5 to represent extreme scenario. The
componentsthat were analysedin the long-term projectionwere rainfalland extreme
index.

6

2.2 |  Hazard Analysis Method

A. 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 .

DECADAL 
PREDICTION

LONG TERM 
PROJECTION

USER

SCENARIO

ANALYSIS 
COMPONENT

DATABASE

Policy and decision makers

Near term up to 2035

Statistical downscaling hindcast 
and and GCM forecast

Å Probability of monthly rainfall 
anomaly

Å Wet extreme index

Researcher

Long-term up to 2095 with 
RCP 4.5 and RCP 8.5

Downscaling GCM and RCM

Å Rainfall
Å Extreme index (wet and 

dry)
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Theprojectionof sea levelincreaseuntil2040wascarriedout
by utilizingthe databaseon annualsea levelfromtheoutputs
of RCP4.5 model(for Pekalonganand its surroundingarea).
The average spatial value of this model output was
subsequentlycorrected with altimetric historical data from
Copernicus.

The flood model was utilized by using the Agent-Based
Modelling(ABM)processwith spatialresolutionof 30x30 m.
ABMis a computationalmodelthat positionsan agentas an
object that can interactand respondto the landüsphysical
condition(CondroandWidagdo, 2017).

In this study, rain water and sea water (in debit form) were
set up as an agent, and the responses of both to the
environmentalconditionweredefinedas the inundationlevel
whichhasspatio-temporaldimension.

In theABMsimulationprocess,the rainwater/seawaterdebit
will move in every time unit. The movementis influencedby
its interactionwith the climate factor and landüsphysical
properties,whichin turn will generatethe valueof inundation
levelbothtemporallyandspatially.

Thephysicallandanomalyis representedby datafromDigital
Terrain Model (DTM) which have been correctedwith field
measurement(withgeodeticGPS),dataon landsubsidence,
as well as dataon landcoverageand typeof soil to calculate
the abstractionof rain water and sea water within the study
location.

For locationswith baselineland elevationundersea level,
the inundationlevel valuewas madefrom sea level value
minustherelativelandheightagainstthedatum.

Flood hazard index for each projection period was
determinedbased on the inundationlevel and land level
fromtheABMsimulationresulton everygrid.
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B. Projection of Sea Level Rise

C. Flood Model Development

D. Hazard Analysis

Very Low (VL)

Low (L)
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The steps of vulnerabilityanalysisin this study comprisedof
sensitivity analysis, exposure analysis, adaptive capacity
analysis, and vulnerabilityanalysis. The analysis process is
conductedfor baselineconditionand the 5-yearly projection
(until2035).
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2.3 |  Vulnerability Analysis Method

The Intergovernmental Panel on Climate /íÂĂéÛ ÕÛèïĂÛÕ ĳħüĂÛĘÂÎïüïģĶ ÂĜ ˪ģíÛ ÕÛéĘÛÛ ģĈ 
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 
ÛĵĕĈĜÛÕˍ ïģĜ ĜÛĂĜïģïĳïģĶˍ ÂĂÕ ïģĜ ÂÕÂĕģïĳÛ ÐÂĕÂÐïģĶ˫˒ ¤íħĜˍ ĳħüĂÛĘÂÎïüïģĶ ÐÂĂ ÎÛ āÛÂĜħĘÛÕ 
with three dimensions, namely level of exposure, sensitivity, and adaptive capacity.

Vulnerability 
Analysis
Dimensions:
1. Sensitivity
2. Exposure
3. Adaptive 

Capacity

The processof vulnerabilityanalysisinvolveda seriesof indicatorsthat numerous
literaturestudiesandFGDswithexpertteamconsideredas beingable to represent
the conditionof sensitivity,exposure,andadaptivecapacityin the studylocation. In
the analysisprocessfor each vulnerabilitydimension,this indicatorwas classified
intoseveralcomponentsandwererespectivelygivenweights.

The database of indicators was obtained from primary and secondary data
collection, both spatial and non-spatial ones, which comprisedgeospatialdata
analysis (for spatial-based data), questionnaire (community, regency/city
governments, and village/kelurahan), and statistic data collection at
village/kelurahanlevel.

In the vulnerabilityanalysisprocess, an analysison land use change and land
subsidencewasalsoconductedto furtherincreasetheaccuracyof theanalysis.

SENSITIVITY

The degree to which a 

system is affected, either 

adversely or beneficially, by 

climate-related stimuli

EXPOSURE

Thenatureandlevelofwhich

a system is exposed to

significantclimatevariation

ADAPTIVECAPACITY

The ability of a system to 

adjust to climate change 

(including climate variability 

and extremes) to moderate 

potential damages, to take 

advantage of opportunities, 

or to cope with the 

consequencess 

10components

14 sensitivity indicators

Questionnaire for regency/city 

government, 

village/kelurahan, and 

statisticaldata

8components

12exposure indicators

Statisticaland geospatial 

analysis data

15components

29adaptive capacity 

indicators

Questionnaire for regency/city 

government, 

village/kelurahan, community, 

and statisticaldata

2 12 84 252 84

Regency/City

District

Village/Kelurahan

Community Questionnaire

Gender Representation 

Questionnaire

Building Blocks of Vulnerability in Climate Risks and Impacts Study (Author Team, 2020)
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The Sensitivity Index (S) is composed of 

10 components that consists of 15 

indicators that are considered as capable 

of representing the sensitivity dimension in 

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.
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A. Sensitivity Analysis

Description:

IS = Sensitivity Index

i = represents village/kelurahan numberùi, 

j = indicator number-j

Wj = weight for every sensitivity indicator

Infrastructure, 

Facility and Utility 

(0.090)

Health (0.080)

Critical Asset 

(0.100)

GRDP of the Affected 

Sector (0.085)

Infrastructure & 

Settlement (0.110)

Per Capita 

Income (0.125)

Land Ownership 

(0.080)

Poverty (0.120)

Vulnerable 

Group (0.115)

Sensitivity

Spatial Planning 

(0.095)

Percentage of non-permanent 

building of the total building 

% of size of green area 

per village

Ratio of poor population

Å Ratio of number of female 

population (Gender)

Å Ratio of number of elderly 

population (>60 years-

old)

Å Ratio of number of child 

population (>12 years-

old)

Å Ratio of number of people 

with disability

Component (Weight)Indicator IndicatorComponent (Weight)

Å % of RT (neighborhood) which residents are 

farmers, fish ponders, or fishers against total 

livelihood per village 

Å Level of low to very low per capita income of 

the population per village/kelurahan

% of sub-neighborhood (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 pond/agriculture) per 

district

Classes of roads that are 

often affected

Component, Indicator, Weight and Class of Sensitivity Dimenstion(Author Team, 2020)

Dynamic projection

Static projection
VH H M L VL



Zurich Flood Resilience Alliance
SUMMARY REPORT
Climate Risk and Impact Assessment in Kupang Watershed

Exposure Index (E) is composed of 8 

components that consist of 12 indicators 

that are considered as capable of 

representing the exposure dimension in the 

study location; each component and 

indicator is then given weight. The 

exposure index value was obtained from 

the addition of value 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.
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B. Exposure Analysis

╘╚░=  
▪    

▒=
╦▒z  ╘═░▒ 

Description:

IK = Exposure Index

i = represents village/kelurahan numberùi, 

j = indicator number-j

Wj = weight for every exposure indicator

Spatial Planning 

(0.145)

Distance from 

Disaster Source 

(0.120)

Demography (0.150)

Land use (0.135)

Infrastructure &

Settlement (0.125) 

Beach 

erosion/sedimentation 

(0.115)

Exposure

Geomorphology 

(0.100)

Å Description

Å Land morphology

Å Topography

Land geomorphologic 

condition (alluvial plain)

Component (Weight)Indicator IndicatorComponent (Weight)

Å % of productive land use area 

per affected village 

Å Type of land use with dominant 

size proportion (>50%) per 

village/kelurahan

Å %of area facing land 

subsidence per village

Å Distance from river and 

canal that potentially cause 

flood and tidal flood

Å Distance from coastal line 

that potentially causes tidal 

flood

Population density per village

Size of settlement area located 

at river riparian/beach

Beach erosion area

Component, Indicator, Weight and Class of Exposure Dimension Index (Author Team, 2020)

Topography 

(0.110)

Dynamic projection

Static projection

VH H M L VL
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The Adaptive Capacity Index (AC) is composed 

of 15 components and 29 indicators that are 

considered to be able representing the adaptive 

capacity dimension in the study location; each 

component and indicator is then given weight. 

The value of adaptive capacity index was 

obtained from the addition of values of all 

components that were 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:

IKA= Adaptive Capacity Index

i = represents village/kelurahannumberùi, 

j = indicator number-j

Wj = weight for every adaptive capacity 

indicator
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C. Adaptive Capacity Analysis

╘╚═░=  
▪    

▒=
╦▒z  ╘═░▒ 

Static projection

Dynamic projection

NO COMPONENT (WEIGHT) INDICATOR

1 Regulation and Planning (0.095)
Regulatory support from spatial planning aspect

Mitigation of flood and tidal flood in RPJM (Mid-Term Development Plan) 

2 Disaster Financing (0.080) Local financing support for flood mitigation

3 Disaster Early Warning (0.055)
Existence of early warning system for flood 

Existence of early warning system for tidal flood 

4
Institutional arrangement in form of 

Disaster Service Center (0.065)

Existence of service center and information dissemination for flood and tidal flood

Quality of government/agencyôs service in flood preparedness

5
Institutional arrangement in form of 

Community Group (0.060)

Existence of resilient (prepared) community group

Background of establishment of disaster resilient community group, such as KSB (Disaster Preparedness Group), TSBK 

(Kelurahan Disaster Preparedness Group), SIBAT (Community-based Disaster Preparedness), etc.

6 Disaster Program (0.090)
Existence of disaster mitigation program

Existence of conservation/rehabilitation program to overcome flood and tidal flood

7
Education, Counseling, and 

Knowledge for Community (0.050)

Ratio of higher education (SHS/VHS, IHS, and University) 

Counseling and assistance for mitigating flood and tidal flood 

8 Disaster Mitigation (0.085)
Kelurahan/village scale disaster mitigation plan document

Document and implementation of RAD PRB (Regional Action Plan for Disaster Risk Reduction) of City/Regency BPBD 

9 Preparedness and Contingency 

(0.080)
Plan and steps of preparedness activity to mitigate flood

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 

Existence of SOP for emergency (contingency) during tidal flood 

Speed of emergency (contingency) implementation by government/agency during tidal flood.

10
Infrastructure for Flood and Tidal 

Flood Control (0.070)
Existence of polder, retention pool, sea dike, etc. 

11
Communityôs Perception toward 

flood and tidal flood (0.045)
Communityôs direct perception (response/acceptance) to flood and tidal flood mitigation programs

12 Local Wisdom (0.035) Local wisdom associated with flood and tidal flood

13 Well-being (0.075) Percentage of prosperous family

14
Infrastructure, Facility and Utility 

(0.070)

Availability of education supporting facilities and infrastructures 

Percentage of household regarding ómain fuelô used to cook per village (%)

Limited clean water source facility (percentage of number of family not using pipedwater (PAM/PDAM))

Quality of drainage in the village/kelurahan administrative area

Percentage of number of household having decent sanitation facilities in village/kelurahan administrative area.

15
Poor Family Health Insurance 

(0.045)
Proportion of poor community having the KIS (Healthy Indonesia Card)/BPJS

Component, Indicator, and Weight of Adaptive Capacity Dimension (Author Team, 2020)

VHHMLVL
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The vulnerabilityof studyarea towardfloodand
tidal flood was obtainedfrom the multiplication
functionof theSensitivity(S), Exposure(E), and
Adaptive Capacity (AC). The result of the
vulnerabilitymodel was then classified into 5
vulnerabilityindexclasses,fromverylow to very
high, which result is shownspatiallyto provide
an illustration on vulnerability level of each
village/kelurahanin thestudylocation.

Description:

V = Vulnerability

S = Sensitivity

E = Exposure

AC= AdaptiveCapacity

Consideringdata limitationand characteristicsof all indicatorsbeingused, not
all indicators in the three dimensions were projected in the process of
vulnerability index projection. The non-projected indicators included those
associatedwith:

Å Communityperception(fromquestionnaire)

Å Policyelements

Å Naturalphysicalconditionsthat tendedto be stablefor a longperiodof
time

Otherindicatorsthat werenot associatedwith the abovethreeconditionswere
projectedby using statisticmethodand spatialdynamicwith cellularautomata
simulation.

The spatialdynamicmethodwas onlyusedfor the landuse projectionprocess.
Therewere20indicatorsusedin thismodel,comprising:

Å Existinglanduse;
Å The driving factors comprisingroad network,distancefrom road network,

transporthub, publicandsocialfacility,industrialplanspatialallocation,trade
and service, beach tourism development, and centers of
district/kelurahan/village;

Å Limitof floodinundatedarea,limitof forestarea,andlimitof greenarea;
Å Floodcontrolinfrastructure;
Å Existinglanduse;
Å Coastalline;
Å Permanentinundationarea;
ÅWeighted factors and constraints in settlement area, industrial area,

inundationarealanduse,greenarea,andprotectionarea; and
Å River

12

D. Vulnerability Analysis

╥=  
╢ ● ╔

═╒
 

E. Projection of Vulnerability Index

VH H M L VL
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In this study,risk is a functionof parametersof hazardand vulnerability. The resultof

risk spatialmodellingis thenclassifiedinto5 indexclasses,fromverylow to veryhigh.

The risk map producedhas a grid-scale analysisunit, which displaysoverlayedwith

villageadministrativeboundary.

Althoughthe map displayedhas a grid analysisunit, in the analysisprocess,it will

showa maximumvalueof the entiregrid in that particularvillage/kelurahanboundary.

Thus, if a village/kelurahanhad a veryhighrisk area(whileothersare very low-high),

the village/kelurahanwould still be categorizedas of very high risk, since the one

taken wouldbe the maximumvalue. This is conductedso as not to neglectthe real

conditionthat there are parts in that particulararea havinghigherrisk than the other

areas. As for the map, the displaywith grid analysisunit was selectedto providea

spatiallymore detaileddescription,particularlyfor the flood-affectedareas. This way,

spatialandnon-spatialriskanalysiscouldbe generated.

Similar to the hazard and vulnerabilityanalysis, the risk analysisprocesswas also

carried out for baseline condition and projection to 2035 (with 5-yearly projection

period). The analysisprocessdid not only look into the trend in risk indexchangein

the studylocation,but also at the potentialimpactof flood inundation(permanentand

the farthest)to the landuse in that locationfromspatialperspective.

Description:
R = Risk
H = Hazard
V =Vulnerability

13

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).

╡= ╗ ● ╥ 

4.2 3.4 2.6 1.8 1.45

VH H M L VL
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Thethreeanalyseswereconductedto correctand increaseaccuracyfromthe spatialvulnerability
analysisprocessandservedas an inputto thehazardanalysisprocess.

The coastalarea in the study locationhas very flat topographyand highly influencedby the land

subsidence. For spatial-based study process,particularlyto analyzethe coastalarea, it is very

necessaryto havethelocationüstopographicdatawithhighaccuracy,whichcurrentlyhasnot been

obtainedyet from the secondarydata. The availablesecondarydata that are commonlyusedare

the DEMNAS(DigitalElevationModelIndonesia). For the conditionof the studylocation,DEMNAS

did not possesssufficientaccuracyand might thereforeinfluencethe study result. Thus, in this

study,DTMwasdevelopedto providemoredetailedspatialinformation.

The DTMdevelopmentwas initiatedby mappingout the detailedland surfaceelevationusingthe

GeodeticGPSinstrumentin a veryflat areain thePekalonganCity/Regencycoast,whichwaspart

of the studyarea. Thedatawerethenmosaicizedwith the DTMdataformedfromthe topographic

basic map of scale 1:25,000to obtainthe DigitalElevationModel(DEM)data of the entirestudy

location.

ThenewDEMthenbecameinputdatain the inundationmodellingprocess,so that the constructed

modelwouldhavehigheraccuracyand morerepresentativeof the studylocationüscondition. The

modelingresultsshowthat the downstreamandcoastalareashavea relativelyflat elevation, yet it

shouldbe notedthat thereare spotsacrossthe coastalareawhichelevationis lowerthanpoint0

(evenuntil -4 m) belowsurface. The areasare generallyalreadypermanentlyinundated. Starting

frommiddleto upstreamarea, the landsurfaceelevationbecomeshigherwith the heightrangeof

500-2,075m; showinga ratherhighinclinationin thatarea.

14

2.5 | DTM, Land Use and Land Subsidence

A. Development of Digital Terrain Model (DTM)

SURFACE ELEVATION MAP OF 

KELURAHAN/VILAGE IN PEKALONGAN CITY AND 

REGENCY WITHIN KUPANG WATERSHED IN 2020

B. PEKALONGAN REGENCY

PEKALONGAN 

REGENCY A. PEKALONGAN CITY

BATANG 

REGENCY

Administrative Boundary

Kupang Watershed Boundary
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Theupdatingof landusewascarriedout on the last landusemapof the PekalonganRegencyand

City Governments,whichused the Sentinel2A high resolutionsatellitedata in 2019(Copernicus

USA,2019), andhighresolutionsatellitedataof WorldView-2 (ESRIOnlineBasemap, 2018). Land

use fromtheexistingdigitalmapwasreclassifiedby usingthe mostrecentsatellitedata,whichwas

then mosaicizedand split off in accordancewith the study location. The most updatedland use

mapwasusedto fill out the indicatorsof baselineconditionin theanalysisprocessandservedas a

basicmapto conductlanduseprojectionin everyanalysisperiod.

The landuse updateshowsthat in 2020, the majorityof coastalareaare fish pondand inundated,

with little settlementarea. For downstreamarea,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

dominationof productivelandandprotected areabecomemorevisiblein the upstreamarea, where

the types of land use constitutea mix betweenricefield, combinedgarden,plantation,field and

forest(protectedandproductive); withsmallersettlementclustersthatarespreadacrossthearea.

In the study process, a land use projectionwas also carried out using the cellular automata
simulation,whichis a spatialdynamicmodelto processthe landdevelopmentin serial-basedfrom

year to year. The land use projectionserved as the basis to conduct vulnerabilitydimension

projection, particularlyfor the exposureand sensitivitycomponents. In addition, the land use

projectionwasalsousedin theriskanalysisprocessto lookat the impactsof changesin inundation

size (permanentand farthest)to the land use in every period; which types of land use might be

inundated,so as to ensurethat the anticipativemeasuresto be takenwouldbe moreeffective. The

land use projectionwas carriedout by assumingthat therewas no changesin the total land size

duringtheprojectionperiod.
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The data on land subsidencewas neededin conductingthe spatialanalysisprocessto

fill-out the data in the exposureindex indicator,namely proportion(%) of area size

undergoingland subsidenceper village. In addition,the spatialdistributionof the land

subsidencewas also utilizedas one of the land physicalfactors influencingthe flood

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

permanentinundation.

In this study, the land subsidencedata were obtainedby using Sentinel-1 satellitedata

analysisthat applied differentialSAR interferometricmethod. The data obtainedwere

land subsidencerate for 2019(January-December). Throughoutthe study process,the

ratewasassumedto be constanteveryyear(no increasenordecreasein rate).

Thedataprocessingresultsshowthat the rateof landsubsidencein the studylocationis

relativelyhigh, which rangesbetween0-34.5 cm/year (median± 16.5 cm). For coastal

area, the land subsidencerate rangesbetween11-34.5 cm. It is visible that the study

locationin PekalonganRegencycoastgenerallyhas highersubsidencerate than that of

PekalonganCity coast. SemutVillage,Tratebang, and Pacakaran, are the threecoastal

villages that have spots with land subsidencerate up to 34.5 cm/year, in additionto

BebelandKarangJompoVillagesin thedownstreamarea.

As for PekalonganCity, the highestland subsidencerate takesplacein KelurahanTirto

(i.e. up to 34.5 cm/year), Jenggot, and Buaran Kadranan. The relativelyhigher land

subsidencein PekalonganCity generally takes place in the downstreamarea and

locationsborderedwithPekalonganRegency.

16

C. Land Subsidence

ADM 

BOUNDARY

STUDY 

AREA

Pekalongan 

Regency



Zurich Flood Resilience Alliance
SUMMARY REPORT
Climate Risk and Impact Assessment in Kupang Watershed

Anothernoteworthyaspectis the relativelyhigh landsubsidencein 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
subsidencetrendin themiddleareastill needsto be anticipated.

Throughoutthe studyprocess,the datawerealsospatiallyandnon-spatiallycomparedwith
other study results in Pekalonganarea. The study conductedby ITB GeodesicTeam
suggestedthat the coastal area and downstreamarea of PekalonganCity experience
averageland subsidenceof 1-10 cm/year in 2012-2018studyperiod; furthermore,various
spotswere also foundwith the land subsidencerate of 15-20 cm/year withincertaintime
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 down-south, with land
subsidencepredominantlytookplacein theeasternpart.

Spatially,it can also be seenthat bothresearchandstudyresultsshowa relativelysimilar
spatialdistributionof land subsidencerate. However,in 2019, the studyresultsshowthat
land subsidencearea becamewider, particularlyheadingwest and southward,thus no
longerdominantin the east part. Spatialand non-spatialperspectives-wise, it can be seen
that the landsubsidencedata in this studyare relativelyin harmonywith the historicaldata
fromotherstudies. It is noteworthy,however,that the two studieshavenot passedthrough
the fieldcorrectionsteplike thatwhichhasbeenconductedin thisstudy.
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Analysison the impactof economicand non-economicloss is a processof estimatingand assigningmonetaryvalueon economicand non-economiclossesfrom floodrisk. The

economicvaluationas a monetaryindicatoritselfwill dependon howsocietyrespondsto andacceptsthechangesthatoccur(Putriet al., 2007).

Consideringthat floodeventin the Kupangwatershedhas becomea recurringeventfor a longperiodof timewithan ever-increasingintensity,a micro-scaleanalysisprocessthat

involvesthe most affectedcommunitiesas the subject is deemedas critical to be done since they have specificcharacteristicsthat differentiatethem from the other general

communitygroups(Geestet al., 2017). Therefore,the geographicalscopefor impactanalysisof economicand non-economicloss underthis studyis the areawith high and very

highrisk levelbasedon risk analysisresults(bothbaselineandprojectioncondition). Thereare 42villages/kelurahanacross7 sub-districtswithinPekalonganCityandPekalongan

Regencyadministrativearea that were asessedas a high and very high risk area, and they will be referredto as the hotspotarea. The primarydata collectionprocessfor the

analysisinvolves289respondentsin 42villages/kelurahan.

Threesub-analysiswereconductedas part of this particularimpactanalysis,namely: analysisof communityrisk characteristicsand perception,analysisof LivelihoodVulnerability

Index and analysisof the value of economicand non-economicloss; where the first two sub-analyiswill providean overviewof the socio-cultural impactsexperiencedby the

affectedcommunities.
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2.6 |  Impact Analysis of Economic and Non - Economic Loss
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The risk perceptionanalysis in this study is a subjectiveanalysis regarding the

perceptionof the affectedcommunities on floodrisk (andthe relatedaspects). Due to

this subjectivenature,risk perceptionwill be built upon individualintuition,personal

awareness, personal experience, immeasurable losses, individual factors, and

individual actions of the affected communities. This risk perception will help in

determiningthe appropriaterisk managementscheme to be implementedin the

community. Identificationand analysisof communitycharacteristicsin the 42 hotspot

areasinitiatesthe risk perceptionanalysisprocessby providinginformationrelatedto

theprofilesandculturalcharacteristicsof the localcommunity.
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A. Community Risk Characteristics and Perception

Community Charateristics

Gender

Components of Community Risk Characteristics and Perception Analysis

Flood 
Experience

Age Impact

Knowledge Preparedness

Livelihood Anxiety

Risk Perception

Gender Anxiety

Knowledge Experience

Direct Impact Preparedness

B. Livelihood Vulnerability Index (LVI) Analysis

LVI analysiswill providea systematicoverviewof the interactionbetweenhumans

and the physical and social environment by examining components: socio-

demographicprofiles, livelihood strategies, social networks, health, food, water,

housingand land tenure, and natural disasters(Shah et.al., 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

(AppendixM).

Socio-economy

Components of LVI Analys is

Flood Water Needs Food

Livelihood
Sickness and 

Disease

Relief & 
Management

LVICalculationSteps:

i)Calculationof Sub-ComponentIndex:

ὍὲὨὩὼίὨ=
ὛὨ ὛάὭὲ

Ὓάὥὼ ὛάὭὲ
 

* Index SD = sub-component index; Sd= sub-

component; Smin = minimum value; and Smax 

=  maximum value

ii) Calculationof ComponentValue:

ὓὨ=
В ὭὲὨὩὼίὨ

9
Ὥ= 1

9
 

* Md= component standarization ratio; index Sd= 

sub-component index; and i = sub-component

iii) LVICalculation (eachlocation)

* LVId = LVI of the affected location; wmi = 

component; Mdi = component value; and i 

= sub-component

Å LVI Value Range: 0 (Not Vulnerable)

until0,50(VeryVulnerable).

Å The same value weighting is used for

all componentsandsub-components
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Analysisof the economicand non-economicloss is a monetaryvaluationapproachfor

economicand non-economiclosses caused by floodingevent in hotspotareas. The

analysed data was obtained from questionnairedata from 289 respondentsin 42

villages/kelurahan. Thereare 4 (four) lossescomponentsthat are takeninto accountin

this analysis,namely: i) Material losses; ii) Non-material losses; iii) Agriculturalland

productivity; and iv) Ecosystemservices. The calculationis carried out for both the

baselineyear(2020) andtheprojectedyear(2035).
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C. Econom ic and Non - Economic Loss

l) Material Loss

Material loss aspects that were taken into account include: adaptationcosts to

continuestay in the affectedarea; repairmentcost; medicalcost; additionalcosts for

water, food, electricity; waste handling costs; as well as decreasedincome and

increasedbusinesscost.

Ç The calculation method for adaptation cost, repairment cost, medical cost,

additionalcost (water, food and electricalenergy) and waste handling cost is

approachedby usingthe followingequation(Rosemarry, 2014):

Ὑὄὖὦ=
В ὄὖὦὭ
ὲ
Ὥ= 1

ὲ
 

* RBPb = average annual expenses 

(Rp/year/HH); BPb = expenses value 

(Rp/year); and i = Respondent number-i (1,2,3, 

... number-n)

Å The adaptationcost is determinedby: the numberof floodevents,floodheight, the areaand

typeof housingstructure, andalsohousingdensityin an area

Å The real value of adaptationcost, repair cost, medical cost, additionalcost and waste

handlingcost incurredin the year the damageoccurredis convertedto the currentvalueby

usingthe interestrateof theBankof Inoonesiain 2019as the referencepoint.

Ç The calculationmethodfor the loss of incomedue to not carryingout economic

activities(as a resultof the floodevent)followsthe equationbelow(Dhewanthiet

al., 2007):

ὖ=
В ὐὌὝὑὍ ὼ ὖὙὭὲ
Ὥ= 1 

ὲ
 

* P =  invdividual loss of income; JHTKi = 

jnumber of days of not conducting the activities; 

PRi = daily income of respondent number-i; and 

i  = respondent number-i (1,2,3, ... number-n)

li) Non-material Loss

The non-material losses that were taken into account are psychological/mental

disordersanddomesticviolence.

Ç Flood eventscan causepsychologicaleffect to the communitysuch as stress at

various levels. The quantificationof the value of non-material losses 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 Implementationof the Health

InsuranceProgram. The utilized value for the calculationis the average cost

(roundedup) to coverroomcostsandotheractions.

Ç Stresslevels that are too high due to floodingcan affect the householdmentality

whichcouldthenresultin domesticviolence. Thequantificationfor lossdue to this

domesticdisturbanceis carriedoutby referringto the fine imposedfor eachlevelof

disturbanceas statedin theDomesticViolenceLaw(UU23/2004).

Ç The calculationfor the increase in businesscosts is done by consideringthe

additional capital for re-investment and working capital for agricultural and

aquacultureactivitieson theaffectedland.
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Taking into accountthe type of the affectedproductiveland type, monetaryvalue

calculationfor the lossof productivelandwasthenconductedonlyfor agricutluralland

andaquaculturearea:

Ç Theaffectedagriculturalland in the hotspotareais generallyusedfor rice fieldsor

secondarycrops. The approachto deterninethe decrease in agriculturalland

productivityis doneby consideringthe annualloss of profit that shouldhavebeen

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,averagesellingpriceandproductioncosts; wherethe value

usedis determinedbasedon the interviewresults andliteraturestudies.

Ç Theaffectedaquaculturein the hotspotarea is generallyusedfor the cultivationof

milkfish and tilapia, either using monocultureor polyculturesystem. Traditional

aquaculturemethodis not a raresightin the hotspotarea,and this methodis often

seenbeingappliedin aquaculturelandthatareaffectedby flood. Thecalculationto

deterninethe declinein aquacultureland productivityis done by consideringthe

annualloss of profit that shouldhave been providedby the aquacultureland that

applies tradtional method due to the loss of the land (from flooding). The

assumptionsusedto determinethe advantagesof traditionalpondswereobtained

frominterviewswithrespondentsandliteraturestudies.
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iii) Agricultural Land Productivity

iv) Ecosystem Services

Consideringthedataavailabilityto havean accuratecalculation, the economiclossfor

ecosystemservicesdue to floodingin this analysisprocessis only approachedfrom

the disturbancein culturalfunctionof the affectedecosystem,namelythe recreational

function. Therefore,the economicloss will be seen from the calculationof recreation

costsof thecommunityin thehotspotarea.

TCMCalculationStages:

i)Clusteringof socio-economicdescriptivedata for visitorsor in this case the affected

communities,includingtravelcosts

ii)Determinationof the deriveddemandfor touristvisitsfromcertainareasby regressing

on variablesthat are consideredto have an effect on the numberof visits, namely

travelcosts(TC), income(Y) and travelcoststo the alternatetourism sites(S); where

thedistancewill affecttheamountof travelcosts.

Recreationcost value is generatedusing the TravelCost Method(TCM). TCMis an

indirectmeasurementmethodfor goodsor servicesthat have no marketvalue (non-

marketgoodor service),such as tourism objects/sites. In this methodit is assumed

that visitors to a tourism site incur or bear economiccosts, in the form of travel

expensesandtimeto visita place(LiptonDWet al., 1995).

ln Vij =ɼ0j-ɼ1j ln T Cij+ɼ5j ln Yij +ɼ4j ln Sij  

* Vi = visit trip of individual i from zone j; Tcij = travel cost of individual i that comes from zone j; 

Yij = income of individual i that comes from zone j; and Sij = 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

resourcesutilized(U) and the total of the averagetravelcost of each zone (TCtotal).

Theutilitycost is an integralof thedemandfunctionin the formof thenumberof visits.

Vi  ɼÏɕ 4C-ɼi  

U f Vi dVi

a

0

 

CS 5-TCtotal  
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The projectionof economicand non-economiclossesin the hotspotareas is carried

out for the periodof 2020to 2035with a 5-yearanalysisrange. Threescenarioswere

usedfor theprojection:

i) Scenario1 : basedon the existinglandusedata in 2020that overlaidwith flood

modellingsimulationresultsin 2020, 2025, 2030and2035

ii) Scenario2 : basedon landusechangeprojections(dynamicmodelingwithcellular

automata)that overlaidwith floodmodellingsimulationresultsin 2020, 2025, 2030

and2035.

iii) Scenario3 : basedon the spatialpatternoutlinedin the SpatialPlanof Pekalongan

City and Regencythat overlaidwith flood modellingsimulationresults in 2020,

2025, 2030and2035.

Thebasisfor theprojectioncalculationareas follow:

× Thevalueof futurelossesis calculatedbasedon theconceptof timeof value.

× The futurevaluecalculationusesa discountrate of 4.44% per year. This value

refersto the averageannualinflationrate in the studyarea in the last 7 years

(2013-2019).

× The projectedpopulationof the affectedcommunityis calculatedexponentially

by consideringtheaveragerateof populationgrowthperyear.

× Projectionof floodareadistributionfor eachvillage/kelurahanareaaccordingto

theprojectiontimeperiod.

× The calculationof the proportionof the area in each village/kelurahanthat is

exposedto flooding is used as the basis for the simulationof the projected

valueof economicandnon-economiclosses.
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D. Projection Methods
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The probabilityof the monthlyrainfallanomalyand the value and trend of wet extremeindexare
twoaspectsbeinganalysedin thedecadalclimatepredictionfor 2021-2035.

The analysisof probabilityof monthlyrainfallanomalyshowsthe tendencyof dominationof Above
Normal(AN) rain anomaly. As an example,AN rainfall in 2021is predictedto take place more
frequentlyin study location,except for Februaryand December,particularlyin the upstreamand
middleareas. Meanwhile,downstreamand coastalareas in the same year shows the dominant
tendencyof Normal (N) rain anomaly. The dominantAN rain predictionwas also found for the
followingyears,withdifferentspatialvaluesanddistributioncharacteristics.

Thetendencyof probabilityof morerain takingplacein upstreamareacanbe oneof the indications
of the needfor a morecomprehensivewatershedsystemmanagementthat coversthe entireparts
from upstream to downstream. Upstream managementmust be focused on reducing runoff
reachingthe middleand downstreamareas. This will ensurethat the runoff passingthroughthe
downstreamor coastalareas will not exacerbatethe flood in those areas, particularlywhen the
rainscametogetherwiththe tide,whichin turnwouldleadto tidal flood.

Wetextremeindexthatwasanalysedunderthe decadalclimatepredictioncompriseof: 1) Rx1day,
whichis the highestdaily rainfallwithin1 year; 2) Rx5day, whichis the highest5-daily cumulative
rainfallin 1 year; and3) R20mm, whichis thenumberof rainydaysin a yearwithdailyrainfallvalue
of morethan20mm.
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3.1 |  Climate Scenario

A. Decadal Climate Prediction
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The historical and predictiondata show the indication of decreasingamount of
maximumannualdaily rainfall intensity. The Rx1day predictionin the coastalarea
generallyrangesbetween60-70mm,whilethat in the upstreamarearangesbetween
80-90mm. TheRx1day enhancementin the coastalareawaspredictedto takeplace
in 2032-2034withvaluerangeof 90-100mm. Fromeventprobabilityside, the decadal
predictionshows dominanttendencyof AN for Rx1day, with higher probabilityin
upstreamthandownstreamandcoastalarea.

Similar to Rx1day, generally the prediction shows a decrease in Rx5day data
variabilityas comparedto thatof historicalcondition. Thepredictionvaluefor Rx5day
in the coastalarea tendsto be stablewith rangesbetween160-180mm, while in the
upstreamarea it is predictedto increasein 2025with the averagevalueof 240mm.
From event probabilityside, the dominantAN categoryprobabilitywas found more
frequentlyin the upstreamand downstreamareasas comparedto the middle,with
dominationareanotas wideas theprobabilitypredictionof Rx1dayindex.
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Oppositelywith Rx1day and Rx5day, for R200mm, there is a tendencyof increasing
intensityof the predictiondata and locationdifferenceswith tendencyof AN probability
domination. Theprobabilitypredictionshowsthat the AN conditionhashighertendency
to takeplacein upstreamandmiddleareas, whileN conditionpotentiallydominatesthe
coastalarea. Intensity-wise, 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 2034with averagevalue of 130
days.

In general,the decadalclimatepredictionindicatethe possibilityof decreasingintensity
of wetextremeindex, yetwithan increasingnumberof wetextremeevents.
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The long-term climate projectionwas carried out for two scenarios,namely 1) RCP 4.5 which
representsmoderateconditionwith moderatemitigationmeasuresscenarioto maintainradiative
forcinglevel, and 2) RCP 8.5, which representsextremeconditionwith scenarioof no measures
conductedto limit the green house gas emission. The period used for the long-term climate
projectionis 2021-2095.

The extremeindex analysedin this projectwas ConsecutiveDry Days (CDD),ConsecutiveWet
Days (CWD),R10mm, R20mm, Rx1day, and Rx5day. The Rx1day, Rx5day, and R20mm indices
are the referencefor wet extremeconditionthat is strongly interlinkedwith flood and landslide
events. Meanwhile,CDD representsthe dry extremeconditionas it providesinformationon the
longestperiodof a daywithoutrain consecutivelywithincertainperiodof time,hencevery identical
withdrought.

The long-term climate projectionresults indicatesthat the study locationwill experiencewetter
condition. Spatial analysisshows an increaseof intensitypercentageand frequencyof extreme
rainfalleventsparticularlyin coastalarea, as identifiedby the increaseof percentageof changesof
Rx1day,Rx5day,R10mm,andR20mmindices. Specificallyfor RCP4.5, the decreaseof percentage
of Rx1day and Rx5day indicesin upstreamarea tendsto be largerand wider than the increaseof
percentagein downstreamarea. The CWD index projectionstrengthensthe possibilityof wetter
area conditionwith longer rainy day row, where in RCP8.5 scenario,the percentageincreaseis
projectedto be >40%. On the otherhand,the dry day row representedby the CDDvalueshowsa
notreallysignificantchangeof percentagein the future.

B. Long - term Climate Projection
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The climate modellingprocess was highly influencedby and strictly associatedwith
uncertaintyaspect. The two climatemodellingprocessesin the study,namelythe decadal
climatepredictionand long-term climateprojectionwere not carriedout to comparethe
results of both modelling processes,but rather to be used to identify the range of
uncertaintyof thesimulationresults.

The trendanalysisfor the sameperiodof data prediction/projection(periodof 2021-2035)
from the decadaland long-term predictionsshow an agreementwith regard to Rx1day
trend,namelythe decreasingtrendbetweendecadalpredictionandRCP8.5 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. Thetrendüsdirectionand rate
from the relativelyshorterdata range (periodof 2021-2035) might be differentwith that
whichwill be producedusinglongerdata(periodof 2021-2095).

Thesealevelrise for Pekalonganareais projectedto takeplaceuntil2040. Thecombined
resultsbetweenobservationand outputof RCP4.5 modelshowthe sea level rise in this
arearangesaround0.81 cm/yearwithR2 = 0.8341. The increasevalueis consistentwith
the resultsindicatedin the IndonesiaThirdNationalCommunicationReportof 2017. The
increaserate is higherthanthe averageincreaserate in JavaSea,whichis 0.39cm/year.
With such an increaserate, the sea level value in Pekalonganwater will reach130cm
valueby 2040.

C. Range of Uncertainty

3.2 | Sea Level Rise 
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The inundationmodelling was conductedby using the extremevaluesof each input.
With regardto runoff,the datausedwerethe maximumRx1day data in eachgrid that
are obtained from the decadal predictioncalculation,and 95th percentilevalue for
RCP4.5 andRCP8.5 scenarios. For tidal flood,the datausedwerethe 90th percentage
of tidalwaterlevelduringobservationperiod. For landsubsidence,the datausedwere
thosefrom2019analysisthat assumedconstantdecreaserateover time. Thedecadal
predictiondata were used to showthe possibilitybasedon naturalfactor influenceto
the climatevariabilitywithinyearlyand decadalperiod. Meanwhile,the 95th percentile
value of RCP scenariowas aimedat representingthe most severepossibilityof the
uncertaintyrangeproducedby themodelin eachscenario.

The simulationwas conductedby lookingat the situationduringtide and extremerain
to incorporatethe interactionbetweenrain waterand sea water. Otherthan rain data
input, the rain water-sea water interactionalso served as a differentiatingfactor
betweendecadalpredictionsimulationwithRCP4.5 scenarioprojection.

Theinundationspatialmodeldevelopedwasdividedinto threegroups,namelythe total
flood inundationmodel,whichis the combinationbetweentidal floodand flooddue to
extremerain(rainflood),anda separatemodelforeachtidalfloodandrainflood.

The inundationmodelsimulationduringthe observationperiodservedas the baseline
to comparethe outputs of prediction/projectionresults model with that of existing
condition. The landelevationdatausedfor thisperiodüssimulationwerethe corrected
DTM of 2020, while for extremerainfall, the data used were the maximumRx1day
valuefrom2015-2019period.

During observation period, the total
inundationheight in the coastal area
was dominatedby tidal flood,whereas
in coastalareathat is 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,
inundationoccurrenceis predominantly
causedby flooddueto extremerain.

3.3 | Inundation Modelling

A. Observation Period (2015 - 2019)
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By includingthe sea level rise factor,constantland subsidence
rate, existing land use and changes in rainfall intensity, the
simulationshows that the inundationarea will be broader in
every projectionperiod. In general, the discrepancybetween
RCP 4.5 and decadalsimulationis more significantlyvisible in
the inundationareacausedby 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 Klego, Poncol,
WonokertoWetan). In the periodeof 2026-2030the inundation
will reachPakisputihand Kalilembuwith inundationheight that
will range between 0.8-1.6 m, yet the affected area will be
relatively small. In middle area, there are also areas
sandwichedby tidal floodand flood,suchas Klego, Poncol, and
WonokertoWetan.

A more significantincreasein inundationsize and height was
found in the tidal flood simulation,which was concentratedin
the coastal area. The inundationmodel simulationin various
periodsshow the increaseof inundationheight until reaching
>2.4 m by the end of projection period, with expanding
inundationarea
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B. Inundation Modeling of 2021 - 2035

Simulation of Inundation Model for the Period of 2021-2025 for Decadal Prediction (above) and RCP 4.5 (below) 

(Author Team, 2020)
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In theperiodof 2021-2025(imagein page21), inundationwithheight
of >2 m are predictedto expanddownsouthfromthe coastalarea,
and will expand also toward the east (Degayu, Gamer, Setono,
Klego, and Kauman, withinundationüsheightreaching1.2 m) in the
periodof 2031-2035(side image). The inundationnear the coast is
dominatedby tidalflood.

Rain flood that occursat or almostat the sametimewith tidal flood
might exacerbatethe inundationcondition in the east area, with
potential inundationüsheight achieving 2 m. The permanently
inundatedareasare also predictedto expandin everyperiod. The
expandingpermanentinundationis caused by the expansionof
areaswith elevationlower than the averagesea level in the study
location.

By taking into account the changes in size and height of the
inundationin every projectionperiod, some areas that potentially
experiencesignificantinundationincreaseare, amongothers: Tirto,
PasirKraton, PadukuhanKraton, KarangJompo, Tegaldowo, Bebel,
Pesanggrahan, Sijambe, and WonokertoWetan. Meanwhile,other
areas that need to anticipate inundation increase in the future
include Sapuro Kebulen, Bendan Kregon, Medono, Podosugih,
Pringrejo, BuaranKradanan, Jenggot, Gamer,Kauman, Klego, and
Poncol.

Fromtheeventüsinfluenceside, in variousprojectionperiodsit can
be seenthat the inundationformationtendsto be influencedby tidal
flood rather than rain flood. However,rain flood might exacerbate
theinundationin an area.
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Simulation of inundation Model for Period of 2021-2025 for Decadal Prediction (above) and RCP 4.5 (below) (Author 

Team, 2020)
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The hazard index value was formulatedby classifyingthe inundationüsheight in the
studylocationinto6 classes,startingfromthenon-affectedto veryhighlyaffected.

The hazardindexin the observationperiodshowsthat the hazardlevel in mostof the
coastalareas,witheastcoastas theexception(DegayuandKrapyak), arecategorized
to be very high. The high categorydominationwas foundin the southernareaof the
seawall, including: Wonokerto Kulon, Tratebang, Wonokerto Kulon, Api-Api,
Pecakaran; as well as somelocationsin middlearea such as Pakisputih, Pejambon,
and Kuripan Yosorejo. Other areas dominatedby rain flood are facing moderate
hazardindex.

The decadalpredictionin every periodshowshazardincreasein the study location,
particularlyin the southernand middleareas. In 2021-2025and 2026-2030, the hazard
categorywill increaseup to very high level in the southernparts of the seawalluntil
Medonoarea. Similarincreasewas also foundin the east coast, frommoderatelevel
to very high level category(for the majority). For the period of 2031-2035, the most
significantchange will take place in the southernarea of PekalonganCity, which
experiencesincrease of hazard category, from moderateor unaffectedto high or
moderate.

The developmentof hazard index with RCP4.5 scenarioshows a not significantly
differentpatternfrom that of decadalprediction,althoughthere is also tendencythat
the projectionresultswill havehigherhazardlevelas comparedto that of the decadal
simulation. The RCP4.5 scenariowas usedto illustrateworseconditionas compared
to thedecadalprediction.
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3.4 |  Hazard Modeling

A. Observation Period

B. Projection Period (2021 - 2035)
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Similar to hazardlevel in decadalprediction,in general,the northern
part of the study area experiencesincreasinghazard categoryfrom
moderate/highto very high accordingto RCP4.5 projection. The very
notabledifferencewas found in the middlesectionof the study area,
whichfacesmuchhigherhazardlevel comparedto decadalprediction
results.

Several locations in middle area such as Jalilembu, Pejambon,
Pakisputih, and Kwayanganhave moderate to very high hazard
category. The high hazardlevel in this area is causedby the fact that
its topographyis passedby stormwaterrunoff.

Withregardto thenumberof affectedvillage,for PekalonganRegency,
both hazard projectionschemes show that the number of villages
having very high (VH) hazard level in the period of 2031-2035 will
increaseby two foldsas comparedto the observationcondition(from6
to 13-14villages).

A more significantincreasewill take place in PekalonganCity, where
during the period of 2031-2035, the number of kelurahanswith VH
hazardlevel will become18-22 kelurahans, from initially3 during the
observation period. 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 village/kelurahanwith VH
hazardindex is estimatedto increasefrom 10.7% duringobservation
period to 25%, 32.1%, and 38.9% consecutivelyin 2021-2025, 2026-
2030, and 2031-2035, accordingto the decadalprediction. Meanwhile,
the RCP4.5 scenarioprojectionsuggestedthat the increasewill reach
26.2%, 38.1%, and 42.9% consecutivelyin 2021-2025, 2026-2030, and
2031-2035.

Flood Hazard Index of RCP 4.5 Scenario Projection (Author Team, 2020)

Number of Village/Kelurahanand Hazard Level in the Study Area (Author Team, 2020)
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Hazard Level
Observation Decadal Prediction Scenario (RCP 4.5)Observation
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The sensitivitylevel in the studylocationis generally
situatedat moderate-high, althoughsomekelurahans
show low (Klego) and very low (Sapuro Kebulen)
levels. In coastalarea,the analysisresultsshowthat
coastalvillagesin PekalonganRegencytendto have
higher sensitivitylevel as comparedto the coastal
kelurahansin PekalonganCity (whichare dominated
by moderatesensitivitylevel, except for Kelurahan
Bandengan).

Withregardto the buildingcomponent,the sensitivity
level in the study location is dominatedby critical
asset componentrepresentedby the indicator of
numberof criticalassetsaffectedby the flood. Being
a dominantcomponent,it showsa numberof critical
assets in the study location that are potentially
affected. The more critical assets that might
potentiallybe affectedare, the moreburdensthat the
local government have to bear to mitigate the
disasterrisk in thatparticularkelurahan/village.

Another componentplaying high influence to the
studylocationüssensitivityis the health component
representedby the indicatorof numberof incidents
of water-borne diseaseper district. This incident is
tightlyrelatedto the frequencyand intensityof flood
event in an area. The significantinfluencefrom this
componentto sensitivitylevel in the study location
shows that incidentsof water-borne disease occur
rather frequently, particularly in the flood-affected
districts.
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Bab 04.

VULNERABILITY ANALYSIS

4.1 |  Baseline Condition

A. Sensitivity Analysis
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The spatial distributionof exposureindex shows
that the studylocationshavevariedexposurelevel
from very low to very high, with higherlevel found
in upstreamandcoastalareas.

The high and very high exposurelevel dominate
the downstreamand coastalareas,particularlythe
coastal village/kelurahan(borderedby the sea);
wherethereare two villageswith veryhigh levelof
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
coastalareasthathavebeenexposedto tidal flood
(and flood in downstream)and with relativelyflat
topographyhave higherexposureas comparedto
otherareas. The high exposurelevel is very much
influenced by populationdensity and the highly
developedlandin thearea.

The level of exposureof middlearea is dominated
by moderate level, although some villages also
showhighexposurelevel.

The emergenceof high exposurelevel locations in
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 geomorphologicalaspects. Meanwhile,upstream
areais dominatedby low levelexposure.

Domination analysis shows that demographic,
infrastructureand settlement components are the
most influential componentsto exposure level. An
aspectthat oughtto be consideredis 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
changethepotentialimpactsof a disasterincident.
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B. Exposure Analysis
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The adaptivecapacitylevelsof the studylocation
range from low to high, with regency area
generallyhas lowerlevelthanthatof 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,
despitebeing locatednext to each other. This is
because institutional-wise (regulation,financing,
and early warning),KelurahanBandenganis at
betterlevelthanJeruksariVillage.

For downstreamarea, the adaptive capacity is
predominantlymoderate. Themoreinclinedto the
middle and upstream, the more the adaptive
capacityof 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
institutionalframeworkof the localgovernmentto
mitigate flood and communityüsþexperienceÿin
dealingwithflood.

Formiddleandupstreamareas,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
communityüspreparednessis hardlysufficient.

Lookingat the main componentsdeterminingadaptive
capacitylevel in the study location,it can be seen that
the regulation and planning, disaster early warning,
preparednessand contingencyare the 3 dominantmain
components. With regard to regulation,planning and
earlywarning,generallythe level is very low-low (except
regulationin PekalonganCity that is alreadyhigh),while
the preparednessand contingency components are
dominatedby high-veryhighlevel.
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C. Adaptive Capacity Analysis
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