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ABSTRACT

Indonesia which lies in equatoriagionis recognisechavingpotential of
largerainfall amount during rainy season. As a consequencesath&all related
natural disastersuch as flood isgprominentand spreading in many places
throughout the countrystudy on the rainfall as well as its accurate monitoring is
thereforeone offundamental importanci®r understandindlood mechanism and
early warning.

This study evaluates rainfalhtensity variationand patterns preceding
flood eventsin Indonesia for the period of 20&®10 usingthe GSMaP_MVK
satellitebased rainfalproductwith one hour and @° x 0.1° resolutiors and rain
gauge station data asbanchmark The analysed data areh8urly average and
daily accumulation time step§he chosen research locations dviedan City,
PekanbarCity, Indragiri Hulu RegencySamarind&City and Manadcity.

The study also verifies accuracy of the GSMaP_MNIdetecting rain/no
rain conditionswith respect to theain gaugedata for the flood eventsver the
research locations using continuous and categorical verification statisgcsl V
comparison of the two observation data have been made in the forms of time
series and scatter plots based on point to point analysis method.

Graphical comparisonsof the GSMaP_MVKwith the rain gauge data
show discrepancies in capturing rainfall etgeand intensityThe GSMaP_MVK
performs underestimation for the most areas, except Samarinda City, which is
overestimatedShortterm period rainfall pattern is the most frequent occurred
preceding flood event®r the entire study areashich indicate hatthe areas are
more susceptible to flash floodsad river overflows

Overall, theGSMaP_MVK product provides promising potentiality for the
application of monitoring rainfall conditions preceding flood evemsr the
research locations. Statistical Weations reveal that on average, correlation
coefficients are (0.2R.54) and (0.6®.83) for 3hourly and daily scale,
respectively. While, probability of rain detections (PODs) are ¢0.3%3) and
(0.930.99), accordingly.

Keywords: rainfall, monitorng, accuracy, GSMaP_MVK, rain gauge, flood
events
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ABSTRAK

Indonesia yang berada di daerah ekuator dikenal memiliki potensi jumlah
curah hujan yang besar pada musim hujan. Sebagai konsekuensinya, bencana
alam yangberhubungan dengan curah hujan menjadi menonjol dan tersebar di
banyak tempat. Studi tentang curah hujanjdgaakuras dalam pemantauannya,
oleh karena itu merupakan salah satu hal mendasar yang penting untuk memahami
mekanisme banijir dan peringatdimi.

Studi ini mengevaluasi variasi intensitas dan pola curah hujan yang terjadi
sebelum kejadian banjir di Indonesia untuk periode tahun-2008 dengan
menggunakan produk curah hujan dari satelit yaitu GSMaP_ g memiliki
resolusi 1 jam dan 07 x 0.1° dan dengan data penakar curah hujan sebagai
pembanding. Data yang dianalisis adalah -rata interval 3 jaran dan
akumulasi harian. Lokasi penelitian adalah Kota Medan, Kota Pekanbaru,
Kabupaten Indragiri Hulu, Kota Samarinda dan Kota Manado.

Studi ini juga memverifikasi akurasidari GSMaP_MVK dalam
mendeteksi kondisi adanya hujan atau tidak ada hujan terhadap data dari penakar
curah hujan untuk kejadian banjir di lokasi penelitian dengan menggunakan
verifikasi statistik kontinu dan kategori. Perbanghn visual dari kedua data
pengamatan disajikan dalam bentuk runut waktu dan diagram hambur berdasarkan
metode analisis titik ke titik.

Perbandingan secara grafis dari data GSMaP_MVK dan data penakar
curah hujan menunjukkaadanya perbedaan dalam memankajadian curah
hujan dan intensitasny®ata GSMaP_MVK menunjukkan estimasi lebih kecil
dibandingkan dengan data penakar curah hujan untuk sebagian besar lokasi,
kecuali Kota Samarindgang menunjukkaestimasi lebih besaPola curah hujan
dengan interal singkat adalah paling sering terjadi sebelum kejadian banjir untuk
semua lokasi yang mengindikasikan bahwa lokasi tersebut lebih rentan terhadap
banjir bandang dan banijir oleh luapan sungai.

Secara keseluruhan, produk GSMaP_MVK memberikan potensi yang
menjanjikan dalam aplikasi untuk memantau kondisi curah hujan sebelum
kejadian banijir di lokasi penelitian. Verifikasi statistik menunjukkan bahwa secara
ratarata koefisien korelasi adalah 0:@54 untuk data 3 jaran dan 0.69.83
untuk data harianrSematara itu, angka probabilitas pemantauan terjadinya hujan
adalah 0.58).75 untuk data 3 jaran dan 0.93®.99 untuk data harian

Kata kunci: curah hujanpemantauan, akurasi, GSMaP_MVK, penakar curah
hujan, kejadian banjir



SUMMARY

Nyoman Sugiartha: Rainfall Monitoring of Flood Events in Indonesia Using
GSMaP and Rain Gauge Data

Indonesia which lies in equatorial regiorrégognisechaving potential of
large rainfall amount during rainy season. As a consequence, the rastdtddr
natural disaster, such as flood is prominent and spreading in many places
throughout the country. Study on the rainfall as well as its accurate monitoring is
therefore one of fundamental importance for understanding flood mechanism and
designing raehble flood disaster mitigation and early warning.

Groundbased rain gauge is a conventional device to measure rainfall
amount and considered as a point measurement. While, sdialitd rainfall
estimates provides complement measurement over wide gevarea having few
or even no in situ data. The combination of the two measurement systems is
necessary for monitoring rainfall condition of the flood events, especially for the
purpose of understanding accuracy of the satellite data.

Previous study by Atastana (2012) noted that the GSMaP_ Msé&ellite
based rainfalproduct detected irregular rainfall pattern with no heavy rain before
floods occur in the regency of Medan City (2 events), Indragiri Hulu (2 events),
Samarinda City (2 events), Manado C{ty event) ad Jambi City (2 events).
Hence, f@irther investigations are needed to verify that the rainfall events were
correctly captured by the GSMaP_MVK algorithiithe rain gaugedataare then
used for comparisonin terms of rain/ngain detection capality with the
GSMaP MVK estimatedor those areas, except Jambi Giltye to no contiuous
rain gauge data available

The main objectiveof this studyis to evaluate potentiality of the
GSMaP_MVK product for monitoring rainfall condition of the flood events in
Indonesia, especially in Medan City, Indragiri Hulu Regency, Pekanbaru City,
Samarinda City and Manado City. The specific objectives includ® (@pmpare
variations of rainfall intensity of the flood events as observed by the
GSMaP_MVK product with that measured by rain gauge station, (2) to identify
pattern of rainfall preceding flood events based on the GSMaP_MVK product
estimates and the raigauge measurements, and (3) to verify accuracy of the
GSMaP_MVK product estimates versus the rain gauge measurements using
continuous and categorical verification statistic scores (i.e. ME, MAE, RMSE,
correlation coefficient, POD, FAR and TS).

This study ged data of the flood events for the period of 20080, the
GSMaP_MVK satellite data with hourly and 9x 0.1° resolutions and the rain
gauge station data as a benchmark. The analysed datehatel\d average and
daily accumulation time step€omparson of the GSMaP_MVK with rain gauge
data is made in an attempt to understand the difference of the two measurements
in capturing rainfall event fluctuations before and after the 8@adur.



Visual comparisons between th&BaP_MVK and rain gauge data show
discrepancies in capturiniginfall events and intensity of preceding and following
the flood events over Medan City, Pekanbaru City & Indragiri Hulu Regency,
Samarinda City and Manado Citidowever, he GSMaP_MVKproduct quite
match in detecting rainfall occurrences but were less match in estimating the 3
hourly rainfall intensity. The daily observations show better matcthiagthe 3
hourly data.

Meanwhile rainfall fluctuatiors of preceding and following the flood
eventsshow widdy differs from event to evertue tomagnitude underestimation
or overestimation by the GSMaP_MVK satellite estimates with respect to the rain
gauge dataThe GSMaP_MVK underestimated the rainfall irgiéy over Medan
City, PekanbaruCity & Indragiri Hulu Regency and Manado City, but
overestimated overSamarinda City. The GSMaP MVK are generally
overestimatd to light rainfall and less sensitive to heavy rainfall.

Shortterm period rainfdlpattern is te most frequenbccurred preceding
flood events inMedan City, PekanbaruCity & Indragiri Hulu Regency
Samainda City and Manado City accounted for about 63.6%, 60%, 66.7% and
66.7%, respectively. These areas are also known as urban regions with some
rivers flows nearby, which likely indicate the regions mr@esusceptible to flash
floods and river overflows

Overall, theGSMaP_MVK product provides promising potentiality for the
application of monitoring rainfall conditions preceding flood evemier thke
research locations. Statistical verifications reveal that on average, correlation
coefficients are (0.2R.54) and (0.6®.83) for 3hourly and daily scale,
respectively. While, probability of rain detections (PODs) are ¢0.33) and
(0.930.99), accadingly.

In this study, the rain gauge density for Medan City, Pekanbaru City,
Indragiri Hulu Regency, Samarinda City and Manado City are 265.1, 632.26,
8198, 718, 159.02 kfrper station, respectively. These figures are much larger
than the minimum requireemt by the WMO (1994), which is about 10 to 20°km
per station for urban areas. Hence, the accuracy of the GSMaP_MVK product is
roughly represented due to the scarcity of the rain gauge measurements or coarser
rain gauge spatial resolution which resuhsuinavoidable rain gauge sampling
error.

As recommendations, one extentsdata, such as number odin gauge
station flood locations an@vents ar@equired for detaistudyon the accuracy of
rainfall monitoring by the GSMaP_MVKproduct. This isin orde to assess
represatativeness of Indonesia region and the applicability of the GSMaP_MVK
product over the region with few or even pexistence rain gauges. Presently,
however, availability of theain gauge stations providing continucamfall data
are very limited and low distributed over Indonesia, which considers as a
challenge.For a comprehensive studyn the prediction of flood events in
Indonesia, the GSMaMVK productas well asthe rain gauge dat@ould be
utilised in conjunctionwith other satllite data (e.g. MODIS, ALOS, etc.) and
hydrological model.
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CHAPTER |

INTRODUCTION

1.1 Background

Flood is a prevalent threatening natural disaster in Indonesigpaedding
in many places throughout the countRecurrence ofhe flood is usually during
rainy season. Owing to the geographical location in the Tropical relgiaye
rainfall amount is potential over the most area. Many rivers provide great
advantages for rain water distribution from upstream to downstream. However,
they may also contribute tine flood potential, especially at urban areas nearby
the rivers as their upstream paths are artificially changed by intense human
activities, such as deforestation.

Rainfall is commonly known as one of major factors triggeffilogd.
Amount of rain falls during certain period of time over the area could determine
how fast the flood starts to occur. Flash flood happens when a great amount of
rain storm falls over a relatively small area in a very short period of time. This
kind of storm causes the drainage systems to be out of capacity to flow the excess
water, in which could quickly inundate the low land of the aifldee study of
rainfall isthus offundamentalmportancefor understanding flood mechanism and
detection.

Monitoring and measurement dhe rainfall is crucial to our welbeing
and critical to theapplication in hydrological and/ater resourcemanagement

(Kidd and Huffman, 2011)r'he information on rainfall variationsreceling flood



eventsin conjunction with the application of hydrological model is essential for
establishing a reliable flood early warning system. Subsequently, providing real
time or very near real time rainfall data anandatory to support such a system.
In general, hhere are tw sources to collet¢he rainfall data, i.e. conventionahin
gauge networks and remote sensing systeo) aggroundbased weathemadar
and satellites
The rain gauge is ieelatively simplenstrument which directly samples the
rain by accumulating rain drops continuously over a fixed time interval at
individual locations With a goodrain gaugesnetwork, it is possible to map
rainfall over small areas but this approach is not practicabfgelareas, remote
land areas of the globe or for ocedBsrangeways, 20QMustafa, 200y, The
rain gaugeobservationsre usually considered as a reference or ground truth due
to a fairly accurate and reliable measuremaith a very low error but itspatial
coverage isimited (Sinclair and Pegram, 2006iach and Krajewskil999).
Groundbased weatheradarsystem isalso an alternative to provide real
time data of rainfall evenfThe use of weather radar addresses some a$shes
of rain gaugecoverage, at least where radadists. In particularit provides a
spatial measurement othe rainfall (areal averages) rather thapoint
measurements providdyy the raingaugesHowever, this system actually ssill
rare to be applied in Indonesdaeto relatively high investment andaintenance
costs Instead of well arranged ttie rain gauges network, many of watershed in
Indonesia are in ugauged condition, especially on tbetside of Java Island

(Suseno, 200Kidd and Huffman, 2011)



The otherresource of real time rainfall data is provided by satellite
observation based on arealerage estimateSatellitebasedrainfall data add
valuable information to climate databases due to their wide geographical coverage,
especially over areas with few oompletely missingn situ data(WMO, 2011)
The satellitebased rainfall data halse potentialto become a cost effective source
of input for floodpredictionsunder a variety of circumstancescomparison with
the in situ network measurements. ThEsliieto theirincreasingly availablen a
global basis from the interneand uninterrupted duringatastrophic situations
(Harriset al, 2007).

There are several sources global highresolution satellitdbased
precipitation product (HRPP) that are freely accessible via internet,theg.
GSMaP (GSMaP_MVK, GSMaP NRThe TMPA (TRMM 3B42, 3B41RT)the
CMORPH, the PERSIANN, etc. All of them are currently available on gridded
datasets in both real time and poesil time. The GSMaP provides rainfall product
with one hour temporal resolution and @égree of latitude by 0.1 degreé
longtude spatial resolution (Okamotet al, 2007). Presently the GSMaP
incorporates extensavsatellite inputdata streamsrém both passive microwave
and infraredsensors, and its global precipitatioraps are appealing for a wide
range of hydrologicahpplications such as flood monitoring and forecasting (Tian
et al, 2010)

Previous study by Aryastana (2012) noted thatGSMaP MVK product
detected irregular rainfall pattern with no heavy rain before Hamdtur in the

regency of MedarCity (2 events)Indragiri Hulu (2 events), Samarindaity (2



events), ManaddCity (1 eveat) and JambiCity (2 events).Hence, further
investigations are needederify that the rainfall events were correctly captured
by the GSMaP_MVK algorithm.

In this study,rain gaugedata are then usedor comparisonwith the
GSMaP MVK estimatedor those areas, except Jambi Cidye to no contiuous
rain gauge data availabl€his study addresses evaluation of the potentiality of the
GSMaP_MVK application through preliminary verification of gerformancean
terms of rain/nerain detection of the floocdventscompared withthe rain gauge
data. It isnot to predict when and where the floods will start to occune T
verification is constraint by very limited number of rain gauge stations providing
continuous data (i.e. only one rain gauge station is dleifmr each regency).
Subsequently, it is expected tlagaplicabilty of the GSMaP_MVK product could

be extended over other areas with few or evenraxistence rain gauges data.

1.2 Problems Formulation
The research questions addressed in this stucsdm@lows:
a. What arevariations of rainfall intensity of flood events as monitorecthsy
GSMaP _MVK product compared with the rain gauge measurerfents
b. What are rainfall patterns of preceding flood events monitored by the
GSMaP _MVK product and the raigauge measuremefits
c. What is the accuracy of the GSMaP_MVK prodaotnpared with the rain

gaugemeasuremestfor monitoring rainfall condition of flood events?



1.3 Research Objectives
The main objective of the study is to evaluate potentiality of the
GSMaP MVK product for the application ofmonitoring rainfall condition of
flood events in Indonesia, especially in Medan City, Indragiri Hulu Regency,
Pekanbaru City, Samarinda City and Manado City.
The specific objectives include:
a. To comparevariations of rainfalintensity of the flood events as observed by
the GSMaP MVK productwith that measured by rain gausgation.
b. To identify pattern of rainfall preceding flood events based on the
GSMaP_MVK product estimates and the rain gauge measuatem
c. To verify accuracy othe GSMaP MVK productestimatesversus the rain
gauge measurementssing continuous and categoricakrification statistic

scoreqi.e. ME, MAE, RMSE, correlation coefficient, POD, FA&RTS).

1.4 Research Benefits
The researcbenefits expected to be achieved are as follows:

a. To deliver information on the variations ofainfall intensity based on the
satellite and rain gauge data, in which could be used in conjunction with
hydrological modelso evaluateflood respons®f the areas.

b. To provide information on the pattern of rainfall condition preceding flood
events, which can be useful for flood identification, monitoring and early

warning of the areas.



c. To provide preliminary information on the accuracy ahe GSMaP MVK
productedimatesand its applicability tsupport implementation of a reliable

flood detection system over 1gauged areas.



CHAPTER Il

LITERATURE REVIEW

2.1 Climate of Indonesia

Indonesia consists of a largamber of islands spanning theguator from
6°N to 11°Sand 95°E to 141°E. The equatorial situation means that temperatures
remain high throughout the year with little variation from month to monhiie
main variable of Indonesia's climate is not tempeeaor air pressure, but rainfall.
Winds are moderate and generally predictable, with monsoons usually blowing in
from the south and east in June through September and from the northwest in
December through MardiMet Office, 2011; Frederick and Worder@12).

Extreme variations in rainfafire linked with the monsoonghere is a dry
season (June to Septeen), influenced by the Austran continental air masses,
and a ray season (December to Marctat is influenced by air masses from
mainland Asia and the Pacifi@cean. Local conditions in Indonashowever, can
greatly modifythese patterns, especially in the cdnistands of the Maluku
group.This oscillating seasonal pattern ofngiand rain is related to Indoe s i a 6 s
geographiclocation as ararchipelago between two coméints and astride the
equator(Frederick and Worden, 2011)

Prevailing wind patterns interaavith local topographic contibns to
produce significant variadns in rainfall throughout tharchipelago. In general
the western rad northern parts of Indonesexperience the most precipitation

because the northwarénd westvardmoving monsoon clouds aresdwvy with



moisture by the time¢hey reach these more distant regioihe average annual
rainfall for Indonesia g around 3,175 miltneters. Western Sumatra, Jaiali,

and the interiors of Kalimama Sulawesi, and Papua are thest consistently
damp regions of Indonesia, with méall measung more than 2,000 millimeters

per yearnFrederick and Worden, 2011)

2.1.1 Rainfall regions

Aldrian and Susanto (2003) divided Indonesia into three dominant rainfall
regions with distinct characteristids|ased on the annual rainfall cycle or the
annual mean variabilitysing double correlation method (DCM) as can be seen in

Figures 2.1 and 2.2.
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Figure 2.1 The three climatic regions of Indonesia based on DCM. Region Asolid
line, Region B in short dashed line and Region C in long dashed line
(Aldrian and Susanto, 2003)



Region A is located in southern Indor@eom south Sumatera to Timor
Island, southerKalimantan, Sulawesi and part of Irian Jaya. Region B is located
in northwest Indonesia from northern Sumatra narthwestern Kalimantan.

Region C encompasses Maluku and northern Sulapfddrian and Susanto,
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Figure 2.2 The annual cycles of the three cliate regions (solid lines) usinghe DCM.
Dashed lines indicate one standard deviationif aboveand below average
(Aldrian and Susanto, 2003)
Region A has one peak and daneugh andexperiences strong influences
of two monsoons, namely the wet northwest (NW) monsoon favember to
March (NDJFM) and the dry southeast (SE) monsoon from May to September
(MJJAS).Region B has two peaks, in Octobldovember (ON) and in March to

May (MAM). Those two peaksre associated with the southward and northward
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movement of the interopical convergence zone (ITCAegion C has one peak
in June to July (JJ) and one trough (NovermbBebruary). The JJ peak in Region
C is about 300 mm/month, wieas the peaks in Regions A and B are 320
mm/month and 310 mm/month respectiveidrian and Susanto, 2003).

The minimum inregion A is the lowest and reaches a mean below 100
mm/month. Thus, Region A is the driest region during the dry season in July
September and the wettest region in December. Region C has one peak in the
middle of year (JJ), whereas the other two regjioave their peaks near the end or
beginning of the year. There is a strong evidence of the possibility of ocean
influence in Region CRegion C, or Maluku, is along the eastern route of the

Indonesian ThrougRlow (Aldrian and Susanto, 2003).

2.1.2 Flood events

Flood has great impacts mmany communities and economiosindonesia.
Recurrence ofthe flood in the countryis increasingconsiderably with heavy
losses to life and property. Within the period of 2030, there were about
5,186 flood disaster incidencéBigure 2.3) which accountedor 45.5% of the
total natural disasters (BNPB, 20Q1Brakenridge 2013. During that coure of
period, there were about 648 flood events occurred annually. Java Island
experienced the most fregnt flood occurrence accounted #2+.3 % of the total
events, followed by Sumatera, Sulawesi and Kalimantan with 23.4%, 14.7% and
11.9%, respectively. In total about 2,388 people died and more than 4.5 million

people were evacuatedh& impacts on infrastructurescluded more than3.1
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million units houses, 1.69 million ha crop fields and 100,196 km roads were

inundated or damage.
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Figure 2.3 Statistic of flood events in Indonesia by province (20€29010)
(BNPB, 2013 Brakenridge, 2013
Based on Sutardi (2006he conversion of upland forests and coastal
wetlands to agriculturalse inJava, 8matra, Kalimantan and Sulawésis led to
soil erosion, watershed degradation and the loss of valuable marine resources.
Because othe high rainfall intensities and watdred erosion, most river carry

large quantities of sediment which result in river regime problems as well as river
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mouth clogging. Due to the flat slopes and inadequate carrying capacity in lower
reaches, many rivers experience flooding in the lower reache

There are several factors contributing to the increased number of flood
casualties, such as economic development on floodplainanisatiorto the area
at risk from floods forced by increased population and poor drainage networks as
well as their management and control. According to WMO (1,99%an flooding
can be of two distinct kinds. Firsyyrban areas can be inundated tyers
overflowing their banks. Seconthe urban flooding canacur as a special case of
flashflooding. In this case, intense rainfall over thilban area may cause flooding
of streets and property in lelying areas or in buup areas in old waterways,

underpasseslepressions in highways, etc.

Table 2.1
Examples of flooding mechanisms, reproduced from Sene (2008)

Example Typical types of flooding

Extensive river flooding, coastal surge an
overtopping, estuary and digltaling, urba
and pluvial (surface water) flooding

Type
Atmospheric

Frontal depressions

Thunderstorms Fast response/flash flooding and urba
pluvial (surface water) flooding
Monsoon Extreme prolonged rainfall causing a ra

river and urban flooding issues

Tropical cyclones

Snowmelt
Ice jams

Glacialake outburst
flows

Geotechnical Dam break
Defence breach
Tsunami

Debris flow

Coastal surge and wave overtopping,
flooding, estuary and delta flooding
Extensive river flooding

Rapid rises in river levels

Fast moving, deep river flows

Fast moving, deyer flows
Extensive inundation of coastal or inland :
Extensive inundation of coastal margins

Destructive flows with high mud and rock
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Sene (2008) described thhetcauses of flooding aetheratmospheric or
geotechnical as can be seen in Table Atinospherichazards include heavy
rainfall causing rivers to floodoastal and estuarine floodidge to surge, wave
and wind effects Geotechnical factors (e.dandslides, debris flows and
earthqaked can also lead to raised rivéevels causing inland floodingnd

tsunamiwaves resulting in coastal flooding.

2.2 Satellite-based Rainfall Monitoring

Meteorological satellites have beahthe forefront of Earth observation
with improvementsn saellite and sensor technology to provide the currange
of operational meteorological observations agdantitative information on
precipitation from the satellitebservationsThere are two broad categories of
meteorological satellites, i.egeostatioary (GEO) satellites andlow orbiting
(LEO) satellites, which include polarbiting satellitegKidd and Huffman, 2011,
Ceccato and Dinku, 2010) and they are complementary each other (Kelkgr, 2007
Figure 2.4shows global meteorological satellites orbit drable 2.2summarises
the main instrumentationsed for the estimation of precipitation, covering both
visible (VIS) and infrared (IR) sensors atibse in thenicrowave (MW) region
of the spectrum.

GEO satllites orbit the Earth about 30 km abovehe euator At this
distance, the orbital period of the satellite is equal to the rotatpmmadd of the
Earth, exactly one sidereal day. The result is that the satelatea fixed position

relative to he Earth Each GEO satellités able to view about one third of the
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Ear t h 6 sFromtheirfpasitian they are able to providegery on a frequent

and regular basiidd and Huffman, 2011; Tempfét al, 2009)
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Figure 2.4 lllustration of global meteorological satellites orbit
(http://www.eumetsat.int)

LEO satllites can be subdivided intourssynchronous andiornsun-
synchronous missions. Operational meteorologseallites fall into the former
category, with orbitatharacteristics such that they cross the Equator atatime
local time on each orbit, providing up to twaverpasses dailyMost sun
synchronourbits cross the equator at rmabrning at around 10:30 holocal
solar time.n addiion to daytime images, a susynchronous orbit also allows the
satellite to record nigkhtime images (thermal or radar) during the ascengdhage
of the orbit at the dark side of the Eafidd and Huffman, 2011; Tempfét al,

2009)


http://www.eumetsat.int/

Table 2.2
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Summary of commonly-used satellite instrumentation for precipitation estimation,
reproduced from Kidd and Huffman (2011)

Resolution

Instrument  Satellite Channels Bands (km) Sampling
AVHRR NOAA/MetOp 5 VISIR 1 Twice daily
SEVIRI MSG 11 VISIR 13 15 min
GOESmager GOES 5 VISIR 14 30 min
MODIS Agua/Terra 36 VISIR 0.251 Twice daily
SSMII DMSP 7 1985 GHz 12.525  Twice daily
SSMIS DMSP 11 19183 GHz 1345 Twice daily
T™I TRMM 9 1085 GHz 525 Twice 2lays
AMSU NOAA/MetOp 5 23.8183 GHz 2050 Twicedaily
MHS NOAA/MetOp 5 89190 GHz 1750 Twice daily
AMSR Agua 12 6-85 GHz 525 Twice daily
PR TRMM 1 13.6 GHz 5 Twice dlays
CPR CloudSat 1 94 GHz 1.4 Once 1@ays

The choice of polaorbiting versusgeostationary platforms for rainfall

estimation entails several tradeoffs with regard to temporal and spatial sampling

and geographical coverage: a geostationary satellite positioned over the equator

can provide high frequency (hourly or better) images gbrtion of the tropics

and middle latitudes, while a polar orbiter provides roughly twl@éy coverage

of the entire globe (Petty and Krajewsk996).

The gimary scope of satellite rainfall monitoring is to provide information

on rainfalloccurrenceamount and distribution over the globe for meteorology at

all scales, climatologyhydrology, and environmental scienc@se acuracy of

hydro-meteorological predictions significantly relies on the quality of observed

rainfall intensity, pattern, duration, and aerial extdrite wnneven distribution of

rain gauges and weatheadars and the relative lack of rainfall measurements over

the oceans have significantly limitethie use of global andbcal data thus
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highlighting the inportanceof satellitebased glbal rainfalldata( Levizzaniet al.,

2002; Sorooshiaat al, 2011).
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Figure 2.5 Electromagnetic spectrum of particular wavelength
(http:/ ivww.astro.virginia.edu/class/oconnell/astr130/dev2.htrl
The minfall measurementom space are based on the interpretation of

the electromagnetic radiation that is scattered and emitted from clouds,
precipitation and the underlying surface, and is nmored by the satellite
instrumentsat the various wavebandfosenfeld, 2007)Satdlite estimates of
rainfall can be derived from mnge of observations from many different sensors.
The retrieval methodologies fall primarily into three main categob@sed upon
type of observation, primarily VIS/IRechniques, MW(passive and active)
techniguesand multisensor techniques (Kidd and Levizzani, 2011; Kelkar, 2007).

Figure 2.5showselectromagnetic spectrum of particular wavelengths.


http://www.astro.virginia.edu/class/oconnell/astr130/dev2.html
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2.2.1 VIS/IR-basedechniques

Observations made in the VIS and IR parts of the specteimain the
mainstay of operational meteorologicBlarth observationsRainfall can be
inferred from VIS images since bright clouds tend to be thick, and thick clouds are
more likely to & associated with rainfall. However, the relationship between
brightness andhe rainfall is poor and consequently VIS imagery is usually only
available during daylighandused in conjunction with other observatiqiksdd
and Levizzani, 2011; Kidd and Huafan, 2011 Ceccato and Dinku, 2010)

IR imageryat wavelengthsbetween 8.0 and 15.6m that measures the
thermal emissions from objedis potentially more useful, and is available night
and day. Heavier rainfall tends to be associated with larger, telterds with
colder cloud tops. By observing cloud top temperat¢&¥ETl) a simple rainfall
estimate can be derivedowever, the CTT to rainfall relationship is indirect, with
significant variations in the relationship during the lifetimfea rainfall event,
between rain systems, and between climatologegimes (Kidd and Levizzani,
2011; Kidd and Huffman, 2011; Ceccato and Dinku, 2010)

The main drawback of VISR techniques, despitine frequency of their
observations, is that the relationshiptween the cloud top temperature and the
surface rainfall is indirect. This is often manifestedhim and highkcloud (i.e.
cirrus) appearing as rabearingcloud, whilewarm and lowlevel rain cloud (i.e.
stratus) is omittedKidd et al, 2009) Although the high spatial and temporal
resolution ofVIS/IR data from geostationary satellites make thdeally suited

for satellite precipitation estimatethe relationship between rainfaite and the
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characteristics is best suited for convective precipitatior whichthe cloudtop

height and cloud depth are somewhat relé&mbfield and Kuligowsky, 2003)

2.2.2 Passive microwaveethniques

Radiation emitted at microwave wavelengthstween 1.0 and 300 mns
influenceal strongly by the nature @mitting surface(whether rough or smooth,
wet or dry) and the size of particles through which it passes. MicrowW&ixad
are strongly affected by water drops and ice crystals in clddM/ can actually
distinguish between clouds with drops big enough to prodauoe and other
clouds. MW frequencies can also penetrate cirrus clouds. However, though rainy
areas show up very weblver the oceans as bright against a dark background
more complicated over the land because Ilaekground emission from the
surface isvery variableg(Ceccato and Dinku, 2018elkar, 2007)

Passive MW (PMW) rainfall retrieval algorithms canbe generally
classified into (1) emission type algorithms (eWilheit et al, 1991), (2)
scatteringtype algorithms (e.g.Spenceret al, 1989), and(3) multichannel
inversion algorithms (e.g., Bauer, 2001). These can in turn be divided into
empirical techniques which are calibrated against surface data sets (and
incorporate bearilling/inhomogeneous fielef-view, absolute calibration issues,
resoluion differences), and physical techniques that minimise the difference
between modé&d and the observed radiation (Kidd and Levizzani, 2011; Kidd
and Huffman, 2011)

The main drawback of PMWased techniques is that observations are

currently only avadble from lowEarth orbiting satellites, typically resulting in



19

two observations per day per satellite. The retrieval of precipitation using PMW
observations has always represented a problem over coastal areas; often
techniques omit retrievals over the sthi@me, or usea less optimum technique
(Kidd and Levizzani, 2011; Kidd and Huffman, 2Q1Kelkar, 2007. PMW

rainfall retrieval is subject to errors caused by various factors mgnfgom
instrument issues (e.galibration andneasurement noise) to thigih complexity

and variability in the relationship of brightness temperatures to precipitation

parameterg¢Hossainet al, 2004).

2.2.3 Active microwave échniques

Active MW (AMW) techniques offer the most direct of all satellite
quantitative estimation ethods. Despite this, radar technology for spaceborne
precipitation estimation has been limited primarily to the TRMM PR. As with all
radar systems, the PR relies upon the interpretation of the backscatter of radiation
from the precipitation, the amountibg broadly proportional to the number of
precipitationsized particlesand therefore intensityHowever, the precipitation
intensity to backscatter relationshgnot constant. Nevertheless, the PR has been
extensivelyused as a primary source of higtality rainfall estimates for
evaluating the differences of rainfall regimmger land and over the ocegfidd

and Huffman, 2011; Kelkar, 20Q7)

2.2.4 Multi sensor echniques
Singlesensor retrievals have the relative advantage of processing
simplicity, but the VIS/IR lack the directness of the PMW and the PMW lack the

frequency sampling of the VIS/IR. Therefore, to overcome the deficiencies of
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individual satellite systems a mper of techniques have been developed to
exploit the combination of different satellite observations. Techniques developed
to exploit VIS/IR and PMW observations essentially fall into those that use the
PMW to calibrate the IR observations, and those desitve cloud motion from
the IR data to mve PMW precipitation estimates (Kidet al, 2009; Kidd and
Levizzani, 2011; Kidd and Huffman, 2011)

IR data can be usefully employed to measure cloud movement, which can
be used to advect, anorphthe more diret PMW-retrieved precipitation between
the successive LEO PMW satellite overpasses. Examples of currerbfdtate
art methodologies are the Climaterediction Center Morphing technique
(CMORPH; Joyceet al, 2004) and the Global Satellite Mapping of dpéation
(GSMaP; Kubotat al, 2007). The main drawback of this methodology is that the
retrieved cloud motion might not necessarily represent the true motion of the
precipitation at the surface, particularly if changes in the surface precipitation

patern occur between the infrequent PMW overpa@isekl and Huffman, 2011

2.3 Rainfall Measurement by Rain Gauges

Historically, rain gauges have been the main soudderainfall data.
However, in many parts of th&orld the raingaugenetwork is too sparsto
produce reliable areal estimatesid radar is not feasible either on the grounds
becauseof cost, technological infrastructure or topographlge min gauges that
measurerainfall at a point remain the most common approach to grdased

measuremer(Kidd, 2001; Newet al, 2001; Grime®t al, 1999)



21

The ain gauge networks provide rainfall measurements with a high degree
of accuracy at specific locations but, in most cases, the instruments are too
sparsely distributed to accurately capture the Bjgdtial and temporal variability
of precipitation system@Villarini et al, 2008). The optimum density ofrainfall
gauge network depends on the purpose for which data are to be used. For example,
accurate measurementsrainfall for flood forecastingequire denser networks as
compared to rainfaltunoff modelling (Jain and Singh, 2003). WMO (1994)
recommended minimum network densities for precipitation stations as depicted in
Table2.3 At least 10% are automatic recording gauges

Table 2.3
Recommendedminimum densities for precipitation stations, reproduced from
WMO (1994)

Physiographic Unit Minimum densities per station (area iApen station)

Nonrecording Recording

Coastal 900 9,000
Mountainous 250 2,500
Interior plains 575 5,750
Hilly/undulating 575 5,750
Small islands 25 250
Urban areas 1020
Polar/arid 10,000 100,000

The min gauge rainfalldata are subject to errors, biases and
inhomogeneitiesarising from several sources. Inaccurate measurements for
individual days and months most often arise through observer errors, either during
measurement or transcription to paper or digital records. Comprehensive checking

of suspect measurements is timesuming, usually requiring comparison with
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nearby station data, station méata anddocumentary records and possibly,

original registergNew et al, 2001)

For analysis of climate change and trends at regional and larger scales, the
effects of errors ahinhomogeneitiesat individual stations are reduced in the
averaging of multiple station series that occurs in the calculation of regional time
series (Newet al, 200). In generaltherain gauge observations yield relatively
accurate point measurementsrainfall but also suffer from samplingrrer in

representing areal averagedeyewa and Nakamurap03.

2.4  Comparison between Satdite-basedand Rain Gauge Estimates

Measured datadm rain gauge networks are still conventionally the most
reliable source of areaveraged precipitain for the land surface of theaih.
Satellitebased rainfalproductsare subject to larger biases and stochastic errors
and need to be adjusted to itusobservations (Barrett al 1994; Rudolfet al
1996). Satellites have biasasd random errors that are caused by factors such as
the sampling frequency, the diurnal cycle of rainfall, twuniform field of
view of sensors, and the uncertaintiasthe rain retrieval algorithm@deyewa
and Nakamura2003.

The min gauges have quite high accuracy compared to remote sensing
systems, and for this reastme rain gauges are relativelgdispensable (Testik,
2011) Comparisonof the satellite productsagainst groundneasurements from
therain gauges is requiretb determingheir operational viability and to improve

their accuracyand applicability(Duo et al, 2011) A thorough verifcation ofthe
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satellitebasedrainfall products should quantify tirediccuracy in a wide range of
weather and climate regim@3ajracharyaet al, 2010).

However, here is a difficulty in comparing dataom the gaugeswith
those fromthe satellites in that they provide twdifferent kinds of information.
The satellite esimates areessentially averages over the area of the satellite pixel,
whereaghe gauges provide measurements madeatiat. Thus, averages dahe
rain gauge data are prone to spatial sampling error and averatjessafellite
data suffer fromtemporalsampling errorFor a meaningful comparison between
thetwo data sets, one must either derive point vaft@s the satellite pixels or
compute pixel areahverages from the raigauge dataThe verification process
requires accurate samples of surfaseasures rainfall over the same time and
space scales as the satellite estimates (Grieteal, 1999; Morrissey and

Janowiak, 1996

2.5 The Global Satellite Mapping of Precipitation (GSMaP) Project

The GSMaPproject was established by the Jagaence and Technology
Agency (JST) in 2002 tgoroduce global precipitation products with high
resolution and highprecision (Ushioet al, 2009) The GSMaB s g oah |
developing a advancedmicrowave radiometer algorithm compatible withe
TRMM precipitation radar(PR) algorithm based onthe deterministic ramn
retrieval algorithmof Aonashi et al. (2000) and providing hourly rain rate
estimates with a resolution of 0.1 degrees longitude by @teds latitude for the

entire world, excluding polar areas outside 60 degrees north and kguth
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comprehensively analysy satellite microwave radiometer data including IR data

(Okamotoet al, 2007; Kubotaet al, 2007 Setoet al, 2012)

2.5.1 TheGSMaPmicrowave radiometergorithm

Spaceborne muHrequency microwave radiometers observe the
microwave brightness temperaturedjich are the integration of radiation from
rain drops and scattering power by the ice and snow particles #imovain.The
algorithm usedrRMM precipitation radar dabese, groundbased radar database
and producerecipitation physical mode(©kamotoet al, 2011)

The precipitation physical model is composed of rain type, rain profile,
rain drop size distribution, meltig layer, snow and so on. The precipitation
physical model is built onto the radiatidransfer equation and the relation
between rain rate and brightness temperature is tabulated in thepgdakle.By
referring to the loolup table, rain rate retrievadlgorithm tries to find the
optimum surface rain rate whigives calculated bright temperatures which best
fit with the observed brightness temperatures by the weiglgast square
methods (Okamotet al, 2011; Kuboteet al, 2007) Figure 2.6shows thebasis
of rain rate retrieval by the developed GSMaP algorithm

The GSMaPmicrowave radiometer algorithms developed based dhe
physical models of precipitation includinghelting layers and particleize
distribution. The informatiombtained by the P& introduced in order to share a
common precipitation model between thenicrowave radiometers and thHeR

algorithms(Kubotaet al, 2007)
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Figure 2.60utline of the developed GSMaP algorithm
(Okamoto et al, 2011)

2.5.2 TheGSMaPproducts

In the original GSMaP project, surface ramtes have been retrieved by
the microwave radiometer algorithm from brightness temperatureotid@Mm
TMI for eight yearq1998 to 2005)Aqua AMSRE for three year§2003 to 2005)
ADEOSII AMSR for sevenmonths(April to October 2003), and DMSP F13,
F14, F15 SSM/I fothree yearq2003 to 2005). The producf the TMFonly
retrievals is referred to dee GSMaP_TMI.The product combined with these six
microwave radiometederived rain rate estimates is egkd to as the
GSMaP_MWR. The spatial resolution of these microwave products is 0.25 degs
by 0.25degs, and typical temporal resolution is six hg@kamotoet al 2007;
Okamotoet al,, 2011)

The GSMaP project is also developing algorithmvhich combire
microwave radiometer data with GEO infrar€tR) radiometer data. High
temporalinterpolation(1 hour) of the GSMaP_MWR is obtained by the morphing

technique using IR cloudnoving vector and Kalman filter technique. These
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products are referred to #se GSMaP_MV orthe GSMaP_MVK (Ushicet al,
2009) The spatial resolution of these microwdiRe combined products is 0.1
degs by0.1 degs Figure 2.7shows the composition of the GSMaP products.
Figure 2.8 shows an example of the GSMaP_MVK product (Okarabtd.,

2011)

TRMM Aqua ADEOSI DMSP NOAA

™I AMSR-E AMSR S5Mil=3 AMSU-B
GSMaP
Microwave Radiometer Algorithms

Rain rates retrleved h1,r each
satellite microwave radiometer

e .

1%__:'
Geostationary Satellite
= AR W o IR Cloud
M =

e . Combined IR/
1-hour data by TRIMTM, | CCMPINEd 6 hours Microwave Radiometer
AqualAMSR-E, ADECS- Product | 1 day Product
IVAMSR, DMSFISSMI 0.25%grid | 41 month ' X s
(F13, 14, 15) 0.1° grid-1 hour

Figure 2.7 Composition of the GSMaP products
(Okamoto et al,, 2011)

Near reattime version ofthe GSMaP {e. GSMaP_NRTY is published
with a latencyof less than four hours (Kacht al, 2011). The reanalysigersion
of the GSMaP_MVKis processed with additional measuremamsby using the
latest algorithm (grsion5.222.) andis available for nearly 11 yearspm March

2000 toNovember 2010 (Setet al, 2012).
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Figure 2.8 Example of the GSMaP_MVKproduct
(Aonashiet al, 2009)

2.5.3 Applications of the GSMaP

The GSMaP algorithm was improved by JAX2ORC. JAXA/EORC has
started tarelease global rainfall datance every hour ithe nearreaktime (about
four hours after data acquisitions) by usifiRMM/TMI, Aqua/AMSR-E,
DMSP/SSMIS, ad GEOIR data on the InterngfFigure 2.9shows neareattime
quick report of global rainfall maps ke GSMaP algorithmgOkamotoet al,
2011)

Global Flood Alert System (GFAS) is promoted by MLIT (Ministry of
Land Infrastructure, Transporand Tourism) of Japan and JAXA and is
developed by International Flood Network (IFNet). GFAS is an atteémptake
the best use of global satellite precipitation estimatetheycSMaP and other
data in flood forecasting amdarning withGlobal Precipitation MissionGPM) in

mind. GFAS provides through internet useful information for flood forecasting
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andwarning to disaster prevention agency of every country which may have the

probability to encounter the rainfalisaste(Okamotoet al., 2011)

JAXA/EORC has started fo release global rainfall data once every hour in
near real time (about four hours after ohservations) on the Internet.

Download of Data
Please contact to
trmm_real@jaxa.jp

| nttp:/isharaku.eorc jaxa.jp/GSMaPlindex_j.htm | Provided by JAXA/EORG

Figure 2.9 Nearreal-time quick report of global rainfall maps by the GSMaP
algorithms (Okamoto et al., 2011)



CHAPTER 1lI

FRAMEWORK OF RESEARCH

Indonesiaas an archipelago countryhich lies inequatorialregion is
recognised havingotential oflarge rainfall amountduring rainy seasonmAs a
consequence, thainfall relatednatural disasterare profoundFlood isthe most
frequent natural disasteocaurred in Indonesia.Urban areas are nogably
vulnerabledue to flooding in terms of both infrastructuteamageand life loss.
Accurate nonitoring of the rainfall is thusone of fundamentalimportancefor
designingeliableflood disaster mitigation anglarly warning.

Groundbased rain gauge is a conventional device to measure rainfall
amount and considered as a point measurement. While, sdialigd rainfall
estimategprovides complement measurement over wide coverage area having few
or even no in $i data. The combination of the two measuremestesys is
necessary fomonitoringrainfall conditionof the flood eventsespecially for the
purpose of understanding accuraéyhesatellite data.

The framework of researcis designed based on the dltjees of the
research as previously mentioned in Chaptd@rhk research is generally outlined
into three main processes, i.e. collecting, processing amalysing data.
Schematic diagram of the research framework can be seen in Figure 3.1.

This studyevduates rainfall condition of flood even{s; the period of
20032010) using the GSMaP_MVK product with high temporal and spatial

resolution (hourly, @° x 0.1° latitude/longitude) and rain gauge station data as a

29
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benchmark. The study ared urban city such as Meda@ity, Indragiri Hulu
Regency,PekanbarCity, SamarindaCity and ManaddCity were choserbased

on the previous study by Aryastana (2012)

Research Location:
Regency of Medan, Pekanlrahagiri
HuluSamarinda and Manado

Flood Events Dat
(20022010)

A4

| |

GSMaP_MVK Product (2008) Rain Gauge Data (220320)
0.Px 0.2, onehourly 3hourly and Daily

v

Extract and Process Data
(wget/-Zip,Notepad++, OpenGrAll

Coordinate Locatigq«

v

Convert to : :
3hourly Averags ,| Pointto Point Analyy
and Daily Data (3hourly and Daily

v

A A4

Graphical Comparis| Statistical Verificati
Identify Rainfall Pattern Preceq GSMaP_MVK Accuracy (ME, N
Flood Event Based dro8rly Datd RMSE, r, POD, FAR and TS

Figure 3.1Schematic diagram of the researchrimework

Comparison of the GSMaP_MVK with rain gauge data is made in an
attempt to understand the difference of the two measurements in capturing rainfall
event fluctuations before and after the flood occur. The rainfall pattern before

flooding can be identified ls&d on graphical visualisation of the rainfall intensity
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variations. Meanwhile, in purpose of evaluating the GSMaP_MVK applicability
for the study area, accuracy assessment is conducted with respect to the rain gauge
data using statistical verification imgs, such as ME, MAE, RMSE, correlation

coefficient (r), POD, FAR and TS.



CHAPTER IV

RESEARCH METHODOLOGY

4.1 Research Location

Research location was focused in Indonesia region, especialllgein
regency of Medan City, Pekanbaru City, Indragiri Hulu, Samarinda City and
Manado City. These locations were chosen based on the previous study by
Aryastana (2012) and the availability of rain gauge station providing continuous

rainfall data in thoseraas.
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Figure 4.1 Research location
(http://fen.wikipedia.org/wiki/File:Indonesia_2002_CIA_map.png
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4.1.1 Medan @ty

MedanCity is the capital city of North Sumatera Province in Indonesia. Its
geographical location som 2276 N4 7 @N 21 ati t u’Bes 6N d of r or
9446E |l ongitude. Medan is | ocated on th
sloped northwards with elevation between 2.5 m and 37.5 m above sea level. The
area is 265.1 kfn There are seven rivers flowing through Medan City, i.e.
BelawanRiver, Badra Rive Sikambing River, Putih River, Babura Riyéeli

River and Sei Kera River

(http://www.sumutprov.go.id/ongkam.php?me=potensi_medan)

4.1.2 Pekanbarwity and Indragiri Hulu egency
Pekanbaru is the capiteity of Riau Province on the island of Suneed.
Its geographicalocationisfrom82 56 R4 3 ®N Ol ati t ulkd4@md fro
to 10°3 4 6 E | oThegarea i$32.86 kmawith elevation between 5 m and 50
m above sea levebiak Riverflows through the city eastward. There are 11 rivers
connected to the Siak River, i.e. Umban Sari River, Air Hitam River, Siban River,
Setukul River, Pengambang River, Ukui River, Sago River, Senapelan River,
Limau River, Tampan River and Sail Riy@ttp://www.pekanbaru.go.id/wilayah
geografis/)
Indragiri Huluis aregencyof Riau Province.It has an area 08.198.26
km2 with elevation from 50 m to 100 m above sea leliglgeographicalocation
isfromP156N°F®S 11 at it ud%l OdrEd Y808 61ED 2L 6 A gi t u d

(http://www.riau.go.id/index.pHpydetail/17)
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4.1.3 Samarindaity
Samarinda is the capital city of East Kalimantan Provilisgeographical
location is rom 8196 020°426B83d 00 S | at i $0u3doed Oadn dE ftroo |
1171861406 E ltlhas mmyadrea ofii8km? with elevation between 0 m
and 200 m above séavel. Mahakam River is the maiiver flowing through the

city (http://bappeda.samarindakota.go.id/profil.php)

4.1.4 Manadocity

Manado is the capital city of North Sulawesi Provinkg.geographical
location is from 1256 8 8 0°3N 6t5® 01 eNand frarh 12%4u7d6 006 E t o
124566000 E | ongi t ufdvengthfolgtetheeitya.e. @ondanor i ver s
River, Tikala River, Bailang River, Sario River and Malalayang Riltenas an
area 0f159.02 km? with elevation between 0 m and 240 m above Ilseal

(http://www.manadokota.go.id/pagd®1-geografis.htmjl

4.2 Research Materiab and Data Source
The materials used in this study and the corresponding sources of data are
as follows:

a. Flood events data from 2003 to 2010 in Medan, Pekanbaru, Samarinda and
Manado were obtained from National Agency for Disaster
Management/Badan Nasional Penanggulangan Bencana (BMBjteand
Brakenridge (2013)

BNPB homepagéhttp://www.bnpb.go.id/
b. One hourly satellite rainfall data dhe GSMaP_MVK product (version

5.222.1) from 2003 to 2010The data can be downloaded from Earth
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Observation Research Center (EORC)/Japan Aerospace Exploration Agency
(JAXA) website. The data is in the Coordinated Universal Time (UTC)
format.

Homepageftp://rainmap:amechzu@hokusai.eorc.jaxa.jp/standard/v5

c. Three hourly and daily rain gauge data from 203010 were obtainedom
Indonesian Agency for Meteorology, Climatology and Geophysics/ Badan
Meteorologi, Klimatologi dan Geofisika (BMKGThe rain gauge stations are
Polonia, Sutan Syarif Kasim Il, Temindung, Sam Ratulangi for the regency of
Medan, Rkanbaru, Samarinda and Manado, respectively. The data is in the
Coordinated Universal Time (UTC) format.

Homepagehttp://202.90.199.103andwww.ogimet.com

4.3 Researchinstruments
The instruments used in this study include hardware and software as
follows:
a. Personal computer (PC), Intel Core Duo CPU E7500 @2.93 GHz, 2GB RAM,
120 GB HDD, 1.2 TB External HDD.
b. Wget version 1.114. This software was used to download largkime of
theGSMaP_MVK data automatically.
Homepageftp://ftp.gnu.org/gnu/wget/
c. 7-Zip version 9.20. This software was used to extizeGSMaP_MVK data.

Homepagehttp://www.7-zip.org/

d. OpenGrADS Bundle 2.0.1.0ga.1. This software was used for procebsing

GSMaP_MVK data.
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Homepagehttp://opengrads.org/

e. Notepad++ version 6.3.2. This software was used to edit OpenGrADS control
file and make script for processitige GSMaP_MVK data.
Homepagehttp://notepaeplus-plus.org/

f. Microsoft Excel 2007. This software wasilised for analysing data, e.g.
plotting time series and scatter graphs of rainfall intensity and statistical

calculation.

4.4  Research Procedure
The research igonducted throughlihree mainstages in terms of data

treatmenti.e. collecting, processirand analysingnd presentindata.

4.4.1 Collecting cita

The first stage of this study t® collectrelevantdata. The data include
flood events andainfall intensity (i.e. fronthe GSMaP_MVK product andain
gaugestations). ©ordinate position of theain gauge statioare also gathered
The datacan bedownloaded from data sources via intero@inection The data
refer to flood event data (i.e. tluay of the flood starts to ocqQurThis study
utilises the data for 10days preceding and 2 days felimg flood events for

analysis.

4.4.2 Processing ata

The steps in processing data for each flood event are as follows:

a. Modify control file that are provided bthe GSMaP website to reathe

GSMaP_MVK data according to the time span of data considered for analysis
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(i.e. 10 days preceding and 2 days following flood events) using Notepad++

software.

. CreateOpenGrADS scriptor calculating areal average of rain intensifyhe

GSMaP_MVK satelle pixelusing Notepad++

. Calculate rainfall intensityof the GSMaP_MVK onhourly basisusing
OpenGrADSby area averaging of the satellite pixel f0x10.1% in which
rain gauge statiors located (Figure 4.2 he rain intensity value on a pixel is

a shgle value of satellite rainfall estimate

: Satellite average rain rate valu
i |_— centre of pixel)
0.°(1--@--|
| @ Rain gauge station poini
0.

Figure 4.2 Example ofthe GSMaP_MVK single pixel and rain gauge station
location
Table 4.1 shows thavailablerain gauge stations, fevhich dataare analysed
in this studyand the corresponding GSMaP_MVK pixel or grid box that are
chosen for comparisgnTable 42 denotes density of the rain gauge station

according tdhedata showron Table 4.1

. Convertthe GSMaP MVK rainfall intensity from hourly to 3hourly and
daily time steps. The most popular way to makeo8rly average from hourly
data is for instance, by averaging hourly files of 02Z, 03Z, and 04Z to

produce 3hourly data o03Z. That means 03i8 centre of 3 hour time period.
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The daily data are derived sgmming hourly data from 00Z to 23Z on the

day.
Table 4.1
Available rain gauge stations and the corresponding GSMaP_MVK pixel used in
this study
. RainGauge Coordinate Elevation _
Province  Regency Station Position m) GSMaP_MVK Pixe
North Medan . 3.50N-3.50N
Sumatera  City Polonia  3.56N, 98.67& 25 98.60E-98.70E
. Pekanbart. Sutan Syarif 0.40N-0.50N
Riau City Kasim |l 048N, 101.4E 31 101.40E101.50E
. Indragiri  Sutan Syarif 0.40N-0.50N
Riau Hulu Kasimn ~ O-ABN/10LAE 31 JeE101.508
East Samarinds . 0.40S0.50S
Kalimantan city cmindung  0.48S,117.16&E 3 117.10E-117.20E
North Manado Sam 1.50N-1.60N
Sulawesi City Ratulangi 1.53N, 124.9% 80 124.90E-125.00E
Table 4.2
Density of the rain gauge station in this study
Number of Rain Gauge Density (ar
Regency Area (k) Station in kn® per station)
Medan City 265.1 1 265.1
Pekanbaru Cit 632.26 1 632.26
Indragitiulu 8,198 1 8,198
Samarinda Cit 718 1 718
Manado City 159.02 1 159.02

e. Save the GSMaP_MVK data 3-hourly and daily time steps as well as rain

gauge data derived from rain gauge station on MS Excel file.

4.4.3 Analysingand pesentingdata

The third stage is to compare rainfall data of the GSMaP_MVK with

rain gauge station by firstly arranging a spreadsheet table. Point to point analysis
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method was used in this study. Comparison of the GSMaP_MVK, which is
represented by single value of dimeerage were performed head to hegttt the

rain gauge point value within satellite pixelhis is due to very limited rain gauge
station available in the study area (baly one station for each study area).

Time series of rainfall intensityrom the GSMaP_MVK and rain gauge
data are presented and graphical comparison are perféom&dhourly and daily
time stepsRainfall pattern classification is done thereafter for eactheflood
events. Subsequently,&uracyof the GSMaP_MVKs evduatedusing statistical
approach The following Section 4.5 describetassification of rainfall pattern

before the floods occur and the statistical indices used for analysing the data

4.5 Data Analysis
Aryastana (2012)pleveloped classification dhe rainfdl pattern before
floods occur in Indonesia based on hourly data of the GSMaP_MVK product as
can be seen in Figure 4.8 this study, his classification is adopted. However,
both the GSMaP_MVK and the rain gauge data on the basihotidy average
time steps are used for determining the rainfall pattern.
There are three types thferainfall pattern as follows (Aryastana, 2012):
a. Long term rainfall period, which is an accumulative rainfall several days or
more than one day before flood starts to occur.
b. Short term rainfall period, which is an accumulative rainfall with high
intensity for several hours until one day.
c. Irregular pattern, which is a condition when before floods occur, rainfall is

not so heavy, but high intensity of rainfall occur severasdsgfore flooding.



40

14
T a Long term rainfall period
r)é_lo —
E 8
EC
;?; 4
B
0 A
S A A
Day 1 Day 2 Day 3 Day 4 ‘ Day 5 ‘ Day 6 Day 7 ‘ Day 8 ‘ Day 9 Day 10
Time
14
12| b.Short term rainfall period Flood Occur
210
E 6
=g
O - [ “M;".v w’;# (T :< T o
il rﬁ\‘lﬂi‘&‘? 2180 l6/1218) H thém: i Ol byl 51016111
Day 1 ‘ Day2 | Day3 ‘ Day 4 ‘ Day 5 ‘ Day 6 ‘ Day 7 ‘ Day 8 ‘ Day 9 | Day 10
Time
14
cn2| ¢ Irregular rainfall pattern
£ 10 1
B
E 4
g
0 mm T A\‘ ‘ I T
012180 6 1218100 F PP PPy
Day 1 ‘ Day2 | Day3 Day 4 ‘ Day 5 ‘ Day 6 ‘ Day 7 ‘ Day 8 ‘ Day 9 ‘DMIO‘
Time

Figure 4.3 Rainfall patterns before floods occur
(Aryastana, 2012)

According to Ebert (2007), statisticatores used to verify accuracy of
satellite rainfall estimate compared with the observed rain gauge values include
continuous verification statistics and categorical verification statistics. The
standard continuous and categorical verification statistics give quantitative

measures of the accuracy of the sateigémated rain amount and occurrence.
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4.5.1 Continuousrerification gatistics

Continuous verification statistics measure the accuracy of a continuous
variable such as rain amount or intensity. These are the most commonly used
statistics in the validation of satellite estimatebert, 2007).

In this study the statistics measures used includean error, mean
absolute error, root mean square error, and correlation coeffitighe equations
to follow, Y; indicates the estimated value at point or grid bd®; indicates the

observedralue, andN is the nunber of samplegEbert, 2007)

a. Mean Error (ME)

The mean error (ME) or bias measures the average difference between
the estimated and observed values. The mean bias error indicates the average
direction of the deviation from observed values, but may refiect the
magnitude of error. It measures the average error of a number of observations
found by taking the mean value of the positive and negative errors without
regard to sign (Ebert, 2007; Gomez, 2007).

a(Y-0) (4.)

ME :i
N %

A positive MEindicates that the estimated value exceeds the observed
value on the average, while the negative ME corresponds to underestimation
the observed value on the average. Do not measure the correspondence
between estimations and observations, i.e., it is plesgd get a perfect score
for a bad estimation if there are compensating errors (Murphy, 1995 in Gomez,

2007).
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b. Mean Absolute Error (MAE)

The mean absolute error (MAE) measures the average magnitude of the
errors in a set of estimated values, without mereng their direction. It
measures accuracy for continuous variables. The MAE is a linier score which
means that all the individual differences are weighted equally in the average

(Murphy, 1995 in Gomez, 2007; Ebert, 2007).

N
MAEZ%a |(Yi - O, )| (4.2)

c. Root Mean Square Error (RMSE)

The root mean square error (RMSE) is a quadratic scoring rule which
measures the average magnitude of the error. Compared to the MAE, the
RMSE gives better weight to large errors than to small errors in the average.
Since the errors are squared before they averaged, the RMSE gives a
relatively high weight to large errors. This means the RMSE is most useful
when large errors are particularly undesirgiMeirphy, 1995 in Gomez, 2007,

Ebert, 2007).

i=1

RMSE=\/%£_ (Y - 0)2 (4.3)

d. Correlation Coefficien(r)
The correlation coefficienfr) measures the degree of linear association

between the estimated and observed distributions. It is independardgadfite
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or conditional bias, however, and therefore must be used alongotién

measures when verifyirgatellite estimate@Ebert, 2007)

A (Y- )O,- 0)

r= = (4.4)
Jé&X-VVJ§«1-5V

1\

Y_Ngr (4.5)

~_ 1A

o-N%q (4.6)

Visually, the correlation measures how close the points of a scatter plot
are to a straight line. It is possiliter a set of estimated values with large errors
to still have a good correlation coefficient with the observations. It is sensitive

to outliers and goes frorl to 1 (Murphy, 1995 in Gomez, 2007).

4.5.2 Categoricalerification gatistics

Categoricalverification statistics measure the correspondence between the
estimated and observed occurrence of events. Most are based on a 2 x 2
contingency table of yes/no events, such as rain/no rain, shown in4labldne
elements in the table (hits, misses,)efiive the joint distribution of events, while
the elements below and to the right (observed yes, obseovedc.) are called the

marginal distributiongEbert, 2007)
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To verify the frequency of the correct and incorrect estimated values, four
combinatons between the estimated and observed data can be ddrese

combinations ar€Ebert 2007; Gomez, 2007):

o Hits - rain estimated to occur, and did occur
o Misses- rain estimated not to occur, but did occur
o False alarmsrain estimated to occur, but didtraccur

o Correct negativesrain estimated not to occur, and did not occur

Table 43
The df-diagonal elementsharacterise the errors (2 x 2 contingency table)

Observed
(Rain Gauge Data)
Yes No
Estimated Yes Hits False alarms Estimated yes
(GSMaP_MVK " Ng Misses Correct negatives  Estimated no
Observe yes Observed no N=total
Categorical statistics which can be <co

table (Table 4.1) are given below (Ebert 2007; Gomez, 2007):

a. Probability of DetectiorfPOD)

POD=__ HItS-
Hits + Misses

(4.7)

The probability of detection (POD) measures fitagtion of observed
events that were correctly diagnosed, and is somettmees | ed t he dAhit

The POD is the number of correct estimations divided by the number
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observed in each categorirange0 to 1. Perfect scorel (Ebert 2007;

Gomez, 2007).
. False Alarm Ratio (FAR)

FAR= Falsealarms
Hits + Falsealarms

(4.8

The false alarm ratio (FAR) gives the fractiordadgnosed events that
were actually nofevents.The FAR fallsinto the category of verification
measures that imply stratification by estimations, and therefore, as the name
implies, is sensitive only to false predictions of the severe event, not to

missed eventRangeD to 1. Perfect scored (Ebert 2007; Gomez,a®7).

. Threat Score (TS)

The threat score (TS), also known as the critical success index,
measuresthe fraction of all events estimated and/or observed that were
correctlydiagnosedlt is measure of relative accuracy (Ebert 2007; Gomez,

2007).

TS= Hits
Hits + Missest+ Falsealarms

(4.9

The advantage of the threat score over the FAR and the POD is that is
sensitive to both false alarms and missed events. Thus it gives more
representative idea of accuracy both in situations where events are involved
and in situations where the climatologlly frequencies of the categories are

nearly equal (Ebert 2007; Gomez, 2007).



CHAPTER V

RESULTS

5.1 Flood Events in MedanCity

According to BNPB (2013) anBrakenridge(2013), here were 83 flood
events recordedh North Sumatera Provinckom 2003 to 2010Medan City
experienced 21 flood events during that course of period. Irstilnds/, 11 flood

eventswere analysedue to limitedavailability of data frontherain gaugestation

5.1.1 Rainfall condition
In this section 2 flood eventswere presentedccording to the previous
study by Aryastana (2012), i.e. on 22 September 2003 and 5 December 2003. The

others can be seen in Appendix B.

& Flood event on 22 September 2003
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Figure 5.1 Time-series of 3hourly average rainfall intensity for the flood event on 22
September 2003
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Figure5.1 shovg the time series othe 3-hourly average rainfalintensity
for the flood event on 22 September 2003 obtained flfmGSMaP_MVK and
rain gauge datarhe dasHine circle ndicates the day of the flood began. The
total number of data points is 104. The GSMaP_MVK estimated rainfall event on
13 September 2003 from 15:00 (UTC) to 21:00 (UTC) but rain gauge station did
not observed it, which means false rainy detection by gatdhta. The two data
sources slightly match in capturing the peaks of the rainfall event.

The GSMaP_MVK shows underestimation of rain gauge data for rainfall
intensity greater than 4 mm/h and also miss some small rainfall event. The rain
gauge data showed rainfall intensity of 7.17 mm/h two days before fflegdn
while the GSMaP_MVK data estated much lower of about 0.4 mm/h. It

represents approxiaely a 94% of underestimation.
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Figure 5.2 Scatter plot of the 3nhourly rainfall intensity for the flood event on 22
September 2003

The closeness of the-t®urly rainfall intensity data pairs between the

GSMaP_MVKand the rain gauge dataplotted in the form of scatter diagram in
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Figure5.2. Rainfall magnitude of the GSMaP_MVK estimation is seen to be on
average slightly lower thamat of the rain gauge observation. The data points are
slightly concentrated below the %Slope dash line indicates that the

GSMaP_MVK underestimated of the rain gauge data.
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Figure 5.4 Same as Figure 5.2 bdor daily data
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Figure 5.3 shows theinie-series of daily rainfall intensity fronthe
GSMaP_MVK and rain gauge data fbeflood event on 22 September 2003e
total number of data points is 13. On the day of flood began theaBSMVK
estimated about 56% lower than that of the rain gauge data, which were 24.2
mm/day and 43 mm/day respectively. The closeness of data pairs improves
significantly for daily data as can be seen in Figure 5.4. On the average the

GSMaP_MVK shows underegsation of the rain gauge data on daily scale.

& Floodevent on 5 December 2003
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Figure 5.5Time-series of 3hourly average rainfall intensity for the flood event on 5
December 2003

Figure 5.5 presentshe comparison of dourly variations ofrainfall
intensity between the GSMaP_MVK and rain gauge data for the é&oeot on 5
December 2003. The GSMaP_MVK indicated overestimation about 3 mm/h of
the rain gauge data for the two consecutive peaks starting 9 days preceding flood

event. The GSMaP_WK detected about 7 rainfall events up to 1.26 mm/h



50

intensity in which the rain gauge data did not observed them. Meanwhile, the
GSMaP_MVK shows miss rainy detection of up to 6.67 mm/h rainfall intensity as
captured by rain gauge data two days after floegan. Both the GSMaP_MVK

and the rain gauge data show good agreement that no heavy rainfall observed 5

days before the day of flooding reported.
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Figure 5.6 Scatter plot of the 3hourly rainfall intensity for the flood event on 5
December 2003

Figure 5.6 illustrateshe scatter plot of the GSMaP_MVK and the rain
gauge data for-Bourly average time stepthe total number of data points is 104.
Rainfall magnitude of the GSMaP_MVK estimation is seen to be on average
lower than that of the rain gge observation. The data points are mostly
concentrated below the %Slope dash line indicates that the GSMaP_MVK
underestimated of the rain gauge data.

Comparison between the GSMaP_MVK and the rain gauge data on daily
basis is depicted in Figure 5.7. &hotal number of data points is 13. The

GSMaP_MVK and the rain gauge observations shows better matching of
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capturing peaks and rainfall intensity compared with tHeo®ly data. The
highest rainfall peak 7 days preceding flood event was 43.90 mm/da$7and
mm/day as measured by the GSMaP_MVK and the rain gauge, respectively.
Meanwhile, on the day of flood began the GSMaP_MVK estimated rainfall
intensity about 50% lower than the rain gauge data, which were 5.94 mm/day and

11 mm/day, respectively.
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Figure 5.7 Same as Figure 5.5 budor daily data
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Figure 5.8 Same as Figure 5.6 budor daily data
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Figure 5.8 Iillustrates the closeness of data pairs between the
GSMaP_MVK and the rain gauge for daily data. @me average the

GSMaP_MVKunderestimated of the rain gauge data on daily time steps.

5.1.2 Rainfall patterrs beforefloods acur

Classification of rainfall pattern before floods occur by Aryastana (2012)
wasadopted based ont®urly average rainfall data. Both the GSMaP_MVK and
the rain gauge data are used to identify the pattern of rainfall preceding flood
events. Table 5.1 shovise summary of the rainfall patterns before floods occur

for the analysed flabevents in Medan City.

Table 5.1
The rainfall patterns before floods occur inMedan City from 2003 to 2008

Rainfall Pattem
No. Flood Event

LongTerm ShortTerm Irregular
22/09/2003 r
19/10/2003 r
02/11/2003 r
05/12/2003 r
12/01/2006 r
23/03/2006 r
11/04/2006 r
15/04/2006 r
10/05/2006 r
31/10/2006 r
02/11/2008 r
Total 1 7 3

© 00 N O o WDN P

ol
= O

*Data shown in Aryastana (2012) study

Variation of rainfall intensity of flood event on 22 September 2303
illustrated in Figure 5.1, which can be identified as lergn period pattern,

instead of irregular pattern classified by Aryastana (2012). Both the
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GSMaP_MVK and the rain gauge data detected accumulative rainfall several days
or more than one day befdieod starts to occur.

Meanwhile, the flood event on 5 December 2003 (Figure 5.6) indicates
irregular rainfall pattersidue to the conditianthat several hours before flood
began, there was no heavy rainfall. However, the heavy rainfall occurred several
days before flooding. This is good agreement with Aryastana study (2012).

Shortterm period rainfall pattern is theost frequenbccured accounting

for 63.6%o0f the totalflood eventsaanalysedn MedanCity.

5.1.3 Accuracyverification of the GSMaP_MK

Table 5.2 denotes summarytbe continuous statistical verification of the
GSMaP_MVK product with respect to the rain gauge data for the 11 flood events
analysedn Medan City. The comparison has also been made-imuBy average
and daily data.

From Table 5.2, it can be seen that the GSMaP_MVK shows negative
mean error (ME) for most of the flood evemtsalysedbased on $ourly and
daily data, except on 23 March 2006 and 31 October 2006. The flood events on 22
September 2003 and 10 May 2006 show lihveest negative ME, while the
highest positive ME is on 31 October 2006.

The MAE ranges from 0.42 mm/h to 0.96 mm/h and from 0.24 mm/h to
0.51 mm/h for 2hourly and daily data, respectively. RMSE reached the highest
value of 2.58 mm/h and 0.81 mm/h ane tbwest value of 1.21 mm/h and 0.39

mm/h for 3hourly and daily data, respectively. Flood events on 12 January 2006
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and 5 December 2003 show the lowest RMSE fdroGrly and daily data,

respectively.

Table 5.2
The continuous statistical verificationfor the flood events analysed in Medan City
from 2003 to 2008

3hourly Daily
Flood Event ME MAE RMSE , ME MAE RMSE
(mm/h) (mm/h) (mm/h) (mm/h) (mm/h) (mm/h)

22/09/2003 -0.005 0.72 154 042 -0.02 0.46 0.65 0.58
19/10/2003 -0.176 0.96 258 0.31 -0.12 0.51 0.84 0.65
02/11/2003 -0.056 0.96 216 0.32 0.03 0.47 0.72 0.83
05/12/2003 -0.078 0.57 138 0.32 -0.04 0.25 039 0.83
12/01/2006 -0.040 0.42 121 0.30 -0.05 0.24 044 0.84
23/03/2006 0.129 0.49 1.79 0.19 -0.05 0.38 0.81 0.50
11/04/2006 -0.186 0.54 1.68 0.13 -0.09 0.30 0.52 0.68
15/04/2006 -0.181 0.54 1.73 0.11 -0.08 0.29 051 0.70
10/05/2006 -0.014 0.48 1.32 0.20 -0.03 0.36 0.50 0.44
31/10/2006 0.271  0.59 154 0.53 0.22 0.39 0.58 0.80
02/11/2008 -0.136 0.86 245 055 -0.13 0.34 047 094
Average -0.043 0.65 176 031 -0.03 0.36 058 071

The correlation coefficient is in the range from 0.11 to 0.55 and from 0.44
to 0.94 for 3hourly and daily data, respectively. The lowest correlation of 0.11 is
on 15 April 2006, while the highest is of 0.55 on 2 November 2008-fauly
data. For dailyata, the lowest correlation is on 10 May 2006, while the highest is
on 2 November 2008.

Onthe average, the GSMaP_MVK underestimates of the rain gauge data
for the entire flood eventanalysedn Medan City. The correlation coefficients

are 0.31 and 0Irfor 3-hourly and daily data, respectively.
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Subsequently, Table 5.3 shows summarythe categorical verification
statistics for the flood evengalysedn Medan City and for the-Bourly average
and daily time steps data.

The probability of rain deteicn (POD) of the GSMaP_MVK indicates
more than 50% for the entire flood events studied. The range is from 0.55 to 0.94
and from 0.83 to 1 for-Bourly and daily data, respectively. The lowest POD is on
23 March 2006 and 12 January 2006 fdrdirly and ddy data, respectively. On
average, the POD performs moderate to high value of 0.73 and 0.9héoirl

and daily data, respectively.

Table 5.3
The categoricalverification statistics for the flood events analysed in Medan City
from 2003 to 2008

3hourly Daily

POD FAR TS POD FAR TS
22/09/2003 0.63 0.63 0.31 1.00 0.15 0.85
19/10/2003 0.66 0.66 0.29 1.00 0.31 0.69
02/11/2003 0.89 0.62 0.37 1.00 0.38 0.62
05/12/2003 0.70 0.74 0.23 1.00 0.58 0.42
12/01/2006 0.68 0.68 0.28 0.83 0.58 0.38
23/03/2006 0.58 0.63 0.29 1.00 0.38 0.63
11/04/2006 0.82 0.65 0.32 1.00 0.46 0.54
15/04/2006 0.94 0.69 0.30 1.00 0.58 0.42
10/05/2006 0.55 0.60 0.30 0.89 0.33 0.62
31/10/2006 0.71 0.61 0.34 1.00 0.46 0.54
02/11/2008 0.86 0.56 0.41 1.00 0.36 0.64
Average 0.73 064 031 0.97 0.42 0.58

Flood Eent

The false alarm ratio (FAR) means probability of the GSMaP_MVK data
to estimate rain event in which did not observed by the rain gauge measurements.

From Table 5.3, the FAR score shows more than 50% and 15% with its lowest
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reached nearly 0.56 on 2 Novemi2808 and 0.15 on 22 September 2003 for 3
hourly and daily time steps, respectively.

The threat score (TS) spans from 0.23 to 0.41 and from 0.38 to 0.85 for 3
hourly and daily data, respectivelyhe highest TS reached on 2 November 2008

and 22 September 2003 foh8urly and daily data, respectively.

5.2 Flood Events inPekanbaru City and Indragiri Hulu Regency

There were82 flood events recordeth Riau Provincdrom 2003 to 2010
(BNPB, 2013;Brakenridge 2013) Pekanbaru City and Indragiri Hulu Regency
experienced flood events of 7 and 13, respectively duririgpirégod. Ten thod
eventswere analysedaver the two regenciesud to limitedavailability of data

from therain gaugestation

5.21 Rainfall condition
This sectionpresents results of 2 flood events in Indragiri Hulu Regency
according to the previous study by Aryastana (2012), i.e. on 25 January 2003 and

21 February 2003. The others can be seen in Appendix C.

& Floodevent on 25 Janma2003

Figure 59 showsthetime series of the-Bourly average rainfall intensity
for the flood event on 25 January 2003 derived ftbenGSMaP_MVK and rain
gauge data. The dadihe circle indicates the day of the flood began. The total
number of data qints is 104. The GSMaP_MVK missed detection for rainfall
events on 17 January 2003 (at 09:00 UTC) and 19 January 2003 (at 12:00 UTC)

whereas the rain gauge station captured them. On the contrary, the GSMaP_MVK
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estimated that the rainfall event occurre®a0 (UTC) on 24 January 2003 but
rain gauge station did not observed it, which means false rainy detection by

satellite data.
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Figure 5.9 Time-series of 3hourly average rainfall intensity for the flood event on 25
January 2003

The two data sources slightly match in capturing the peaks of the rainfall
events but the rainfall intensity is to be lower by the GSMaP_MVK estimation.
The GSMaP_MVK shows underestimation of the rain gauge data for rainfall
intensity greater than 2 mm/hughg 3 days of consecutive rainfall before flood
began. Meanwhile, on the day of flood occurred at 15:00 (UTC), the rain gauge
observed 9 mm/h of rainfall intensity, while the GSMaP_MVK underestimated
about 48%.

Figure 5.10 showthe scatter plot of th&SMaP_MVK and the rain gauge
data on dhourly average scal®r the flood event or25 January2003 Rainfall

magnitude of the GSMaP_MVK estimation is seen to be on average lower than
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that of the rain gauge observation. The data points are mostly coneerteddw

the 4% slope dash line indicates that the GSMaP_MVK underestimated of the rain

gauge data.
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Figure 5.10Scatter plot of the 3hourly rainfall intensity for the flood event on 25
January 2003
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Figure 5.11 Same as Figure 5.9 bitr daily data

Figure 5.11 show the time-series of daily rainfall intensity fronthe

GSMaP_MVK and rain gauge data fibve flood event on25 January2003 The
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total number of data points is 13. Comparing witlhha@irly data, thedaily
observatios show better matching afapturing peaks and rainfall intensity. On

the day of flood began the GSMaP_MVK estimated about 46% lower than that of
the rain gauge data, which were 25.6 mm/day and 56 mm/day, respectively. The
closeness of data pairs between tB8MaP_MVK and rain gauge improves
significantly for daily data as can be seen in Figure 5.12tHeraverage the

GSMaP_MVK underestimated of the rain gauge data on daily scale.
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Figure 5.12 Same as Figure 5.10 bdior daily data

& Floodevent on 2February 2003

Figure 5.13 presents comparison dfic@urly variations of rainfall intensity
between the GSMaP_MVK and rain gauge data for the flood event on 21
February 2003. The two observations show quite match to capture the peaks of the
rainfall event.However, the GSMaP_MVK indicated underestimation about 80%
of the rain gauge data on 18 February 2003 at 15:00 (UTC). The GSMaP_MVK
estimated rainfall intensity about 1.64 mm/h compared with 19.33 mm/h by the

rain gauge measurement for 3 hours before tbhedf began. It represents






