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<Before Project >

\l.:;::‘;un Flooded Flood Inundation | Inundation
area damage days height

discharge

(e sec) (L) (10% Rp.) (days) {am)
Dec. 1970 00 | a0 ] 2| e
Jan. 1971 1,100 §,500 4 3.0
Dec. 1971 wo | o) s |1 [ os
Jan. 1972 700 6,500 55 3 20
Dec, 1972 150 L 2o00 | 43 |1 0.5
Jan. 1973 1,000 5,000 4 3.0
Mar. 1973 150 1,000 1 0.3
Nov, 1973 170 L 1 0.5
Jan. 1974 600 6,000 3 20
Dec. 1974 160 . Looo | 1 0.5
Jan. 1975 00 7500 3 20
Maz. 1975 00 6,000 3 20
Dec. 1975 5o | agel owe |1 | 05
Jan. 1976 170 L1500 190 1 0.3
Dec. 1976 so | ol o oase | 1 | oS
Feb. 1977 150 1,000 210 1 0.5
Nowv, 1977 170 o Lseof o 20 f 1 0.3
Feb. 1978 160 1,000 300 1 0.5
Jul. 1975 1.300 9,700 6,735 4 30
Dec. 1978 1200 | 97001 6300 | & @} 30
Jan. 1979 500 7.000 4,500 3 20
Nov. 1979 60 | aooof 4 |1 | 05
Dec. 1950 0| oo | e |1 05
Jan. 1961 150 | oo |0 |1 | s
Feb. 1952 150 1,500 1,100 1 0.6

Source: Evaluation Report (Krueng Aceh Urgent Flood Control Project (I), October2002)
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7111 00000000000000
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ubbooabboooabbogobbooobbooobbooobbooobn

Risk Index =

(1) Hazard

HazardO RBID O OO OOOODOO
ggooooboobobobboooadad
g o o o b o o0 00
g 7-10o00aobmooabood
oboooooobEMObDOOoOoOO0O
goooooooobooooooo
gobobboooooobobbooooon
goooooooooboooogo
15%00000040d3omioon
gobooobooob20000000
UgobodobdbdndO Flood Hazard
IndexO0 OO OOOODO

149 BNPB (2016), RISIKO BENCANA INDONESIA

Hazard X Vulnerability

Capacity

FLOOD HAZARD MAP PREPARATION PROCESS FLOW

DEM
I
T .
Slope Map
Preparation
(Degree)
x
Degree to radian
value conversion

¥

Tim Calculations -

L4

Flow
Accumulation

[ Fiood Hazard |

Index

Primary River
Network

Slope Map
Preparation
<15%

Distance From
River < 300m

Flood Prone Area
- Tim>T
| Calculations |

a L4 . s L3 .
Slope Fuzzy Fuzzy Membership

Membership Distance from River

| (midpointS%) | | (midpoint 100m) |

)

| Fuzzy Overiay:
SUM

0 7.1 000 HazardOODOO
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(2)  Vulnerability

Vulnerability(1 1 7-100000000000000000000000O00040000000000040
Vulnerability Index0) D0 D00 0000000000000 000000O00O00OO00O0DOO0O0O0O0OO00O0
gobooobbooooobooobobooobbobooobooobobooobbooooboooobo
gbobobbooobbogobbogbbooerpPUbbOOO0OOOOoonbOooobobobooboabon
goboooboboooobooooooooon

O 7-1 Vulnerability 00000 400

Vulnerability Parameter Ratio
Population Density 60%
. - Sex Ratio 10%
Social Vulnerability Vulnerable Age Group Ratio 10%
Poor Population Ratio 10%
Handicapped Population Ratio 10%
. - Housing 40%
Physical Vulnerability Public Facilities 30%
Critical Facilities 30%
Economic Vulnerability Productive Land 60%
GRDP 40%
Protected Forests
. » Natural Forests Dependin
Environmental Vulnerability Mangrove Forests/mangroves on pedisas{ier
Bushes type
Swamps

000000 wherabilityl 4000 0000000000000 0000O000O0OO0O0O0OODO40% 0000
obooo2s%bonoooaoo2s»xbuinoodilxtioibogdobioooooonoooonooooon
40%0000000030%000000b0030%bb00dboooggoooan

3) Capacity

Capacityd OBNPBO 0 0 0 0 O O 71Indicatord 0 0 00 0 0 0 O 0 O O O Kota/Kab.[ Capacity Index( O O [J
00 lndicatord 0 7220 00000700Prority01 D0 00000000000 DOOOODDOOO I Indicator
0020000030 0000000000000O000DO00O00bOOObOooOoBNPBOOOOOODOO0O
obooooobooooobogooo

O 72 7iIndicator (1 7 00 Priority U

Priorit Number of

4 Indicator
1 Strengthening the Policy & Institution 9
2 Risk Assessment and Integrated Planning

3 Development of Information System, Education & 13
Training and Logistic
4 Thematic handling for disaster prone area 5
5 Increasing the effectiveness of Prevention and Mitigation 12
6 Strengthening the Disaster Preparedness and Emergency 24
Response
7 Development of disaster recovery system 4
Total 71

150 BNPB (2016), QUESTIONER PENILAIAN KAPASITAS DAERAH 71 INDIKATOR
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710 O Indicator] D O O 0400 Yes/NoO OO D OO OO D0OO0ODOO28100000000000000O 040
oboob 7200000000000000Mmdicatorl] 000000000000 O00DOO0O0OO0OOODOO
Uoboooobobooobboooobbbd0YesUOODOOOOoODOOOooobOoOooONoO oo oogooo

U0hdicatord OO DO OO0000O000000O00000000MMOO0Idicatord 0000 7300010050
ooooooo

Indicator 1 Bh#¢IZfR B Hh 7544 (PERDA)

CE—

5351 R HPERDAMHI B S h TL B _—ﬂ&j A
(NoD1H & XX DIndicatorD T~ YesDIF & RO EME~) i ;

2 PERDA[Z DI K EIER A LEENREATLSD
1 (NoDIB B TR DIndicatorD H M~ YesDIR ST RO EM~)

3  PERDARBFKEBMDRMEISOVTERLTL SN
(NoDiF & [F R DindicatorD H E~ . YesDIFE L RDEE~)

4  PERDARMDIBEMHBINRASN TS Ber
O 7-2 IndicatorNo.1 0 40000

O 7-3 0O Indicator DO OO0

18 > NolDERA"No"DIZE

2m > NolDERIH"Yes”T. No.2DERIMN"No" DB E
3 > No.l12DERH"Yes” T, No.3DERIH"No” DIHFE
48 > No.1-3DEEH"Yes” T, No. 4D EREH"No” DIHFHE
5 > Nol-4DEMTRTH Yes"DIFE

Tlndicator] 0 O 0000000 OO0 OO OPriorityl] O U O 0O Capacityl] D O 0 O 0O 0O OPriorityD DO O OO O
gobooobbooooobboooobooobbooobbbooooobboooobooooobooonn
uoood 7302070000000 CCapacityl DO DO DO OO OPrority40 00 00000000000 OO00OO

UPrority7.0 0 0000000000000 000OO0OOPHorityl.00000000000O00DOO0OOODOO
oooo

Capacity Evaluation in Kota Manado, 2017

0.90

.66 -

INDEKS PRIORITAS

ucation & Training and Logistic = Pr Thematic hand|

ngtheni

O 73 2017000000 Priority 00O Capacity O O
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71120000000000000000
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UboobO20170 11000BNPBUOOO0DOO0OOO0DOO0DOO0DOO0ODOO300000O0O00O0O00OO
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0 0000BNPBO O U OO Hazard O O Vulnerabilityd U O 0O 0 O O Kota/Kab.URID O OO OO OOOOOO
gboobooobgoozednoooooooooog

RIO100O000O0O00OC0CDOOODOOODOOOOOO0ObO0OOOOObOOo0bOoobO0obObOo0oDbOooD
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074 O000D00OO0O0OODOOODOO0OO0O DIRBI2013, BNPBO
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U00000RIOODO0O00OD00497Kota/Kab. DO DO UODOOOOOO0OOO MM DOO78%0 00 O 388 Kota/Kab.
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LOW Occurrence
Frequency

HIGH Dccurrence
Frequency

076 OO00OOCOOOOOOBNPBOOOOOOOOBSO

71130 0000000000000000

oboobobooobMMPOOOO0O0O0O0ORIODOODOOODOODOOOODOOO 770000201500
gzoo00dbonboorOOO30%O0000000000000BNPBOOOOOODOOOOOOORIOOOON
30000 U Capacityl) O Capacityl] 1 0 O 0 O 0 0O Vulnerability OO0 0 0000000000000 000O0O0O
RIOODODOOOO0ODCapacityl DD O OO00D0DO0O000DO000ORIOOOOODO300 Strategyl] U [
gbooooboooo 740000000000

YEAR
NUMBER OF INDEX AVERAGE (2013 INDEX INDEX

REGENCIES/ BASELINE) REDUCTION TARGET
MUNICIPALITIES TARGET (30%) 2015 2016 2017 2018 2019  (2019)

NATIONAL 156.3

NATIONAL PRIORITY
2 |REGENCIES/ 136
MUNICIPALITIES

50.8 10.2(10.210.2|10.2 | 10.2 118.6

0 77 RIOOOOOOO

oboobobooboobrROOOOOO0DOOO0ODOODOOOOO/MbObOOobDOoO0bOOoO0bOobbOOoD
uobbooooboboooboboooobbooobobooobobuoooboboooboboooboboooon
UbobgooooNsPkOObOoobgogooooobobooooboboooboboobobooboobo
MOoooobbbooobbboooobboooooboooooboooobobooooboboooon
gboobooooboooboob/ooobooboboobooboobooboboboobooboobo
gobooobooobbooobbooooooobogobboooobooobobooobbooooboon
gboboooobboooboboooboboooooooobooooabooog

074 RIOOOOOO3000000000O

Strategy Involved ministries/ agencies
1. | Disaster risk reduction within the framework of BNPB, BAPPPENAS, KEMENDAGRI, BMKG, KEMEN
sustainable development at the central government PUPERA,KEMEN ESDM, BIG, KEMENTAN, BPPT,

'S' BNPB (2016), DISASTER MANAGEMENT POLICIES AND STRATEGIES 2015-2019
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and regional levels LAPAN,KEMENKES, KEMENSOS, KLHK, KEMENDES
PDTT,KEMEN ATR, TNI, POLRI, KKP
2. | Disaster vulnerability level reduction BNPB, BAPPENAS, KEMENDAGRIL BMKG, KEMEN PUPERA,

KEMEN ESDM, BIG, KEMENTAN, BPPT, LAPAN, KEMENKES,
KEMENSOS, KLHK, KEMENDES PDTT, KEMENDIKDASBUD,
KEMENAG, KOMINFO, TNI, POLRI, KEMENKEU

3. | Government, Regional Government and Public BNPB, BAPPPENAS, KEMENDAGRI, BMKG, KEMEN PUPERA,
disaster management capacity building KEMEN ESDM, BIG, KEMENTAN, LAPAN,KEMENKES,
KEMENSOS, KLHK, KEMENDES PDTT, KEMEN ATR, TNI,
POLRI, KKP, KEMENRISTEKDIKTI, BRG

RIOOOOOOOOOOOOOOO00OO0OOOOO0000000000000000D 0Kota/Kab.l O OO
uboboboaboobboodabbooobbuoodbb2o1ed d 4690 0 U UORIO OO 020220 0O U U 1300
gobooobobooobobooon

712 O00000OO0OO0ODOOO0OO

ogoboobooooobbooooobboooobboooobboooboRrROO000ODO 0O Hazadd OO
Capacityl 0O OO OODOOOOOOO

(Hazard 1O 00O OOO)

7.1.17.1.1.1(HO000000000000Hazard0 OO OO OO DO OOOODOOOOODOOOOODOO
gboboooNeBOOODODODODODODOOODODOOODLDODOOODLDOODOODLDOM™DOOOOoD
OO0O000oooOooOooooooobOooooboooobooooboooobooooooooon
oboooooboobooobgoooo

(Capacity 1 OO O0O0ON0O)

TlindicatortU OO OOOO00O0O0O000O0O0OOOOO00 780000000000000000
uobboboogaoboobuoooobbboooobbooooobbbooooobobobooooobon
TlindicatorJ U O 0010 000000000000 O0O0O0O0OO0O0O00O0O0O00

Case Study: Flood Control Project in Banda Aceh
Development of Diversion Channel

1.92 times/year

O
" B7% Reduced
SO
~1
0.25 times/year
|

before 1992 After Completion (1953}
Number of Major Flood in Banda Aceh

71 questions
related to Capacity

iy Only 1.4%
In Risk Index, “Capacity” is calculated 4 questions 1 questions

based on YES/NO questions. for structural  related to flood
measures control structure

Number of Question for Calculation of Capacity in Risk Index

078 OUO0O0O0O0OOO0OCOOODOOOO0OO0 RIO Capacity O O

TlIndicator] 0 0 0000000 O71ndicator] DO 00O YesNoO OO OO OO OO0DOODOOODOODO
UbO0YesODOOOOOOOOOOODOOOOOOOoOoOOo4onD 72020000000PERDAUOODONO
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000000000000 00000DO00D000DO00D0000DO0000ODOO000O0DOO00O0O0n
oooooooooooooo

Tlindicator 1 0 00O 000D OO0OOO 72000000000000000000DOO0O0OOOOO
O 71Indicator] O [0 00 0 BAPPEDAKotaManadoU O O 0 00000 DOO0O0OODOOOOOOOOOOO
obobooobobooobooboooobobooobooooboboooboboboobpoboboOoo
oooooooooooog

71Indicator] 0 [0 O O U Indicator™) U O U O OIndicator2[] Indicator70 0 0 0O OO0 O OOOOOOOOO
Oooooooooooo
O0000000000000O 7ndicator] Capacityd 0 000000 0OHazardD O OO OO OO OODO
UD0O000000Vukerabilityl 0000000000000 O00O0OO0O0ODLDODODOODOO Capacity
O0Odooo0oOOooOoooOdooooOOoDooooooooogoooon

72 OOO0OOOOOCOCOOOOO0

gobooooboRrOOO0ODDo0oobDbooobobooobobooobrODOgoobooooobooboon
ggobobboogoobobbooooobbbbooooobobbuoooobbbbooooobn
gbooborOO0OO0O0DO0O0OOO0OOOOO0OODOOObOObOOObOo0bOoOOo0obOobLoobOoDOon
ugbobobobooooobooobooooobooboooogyobobobooooooobb40000onon
@ooboboobobooboboooboboobo)ypobobgo 7sOUobobooboboobobon
goborROOODO0O0OO0ODOOO0ODOOO0O0DOOO00DOO0000bObO00obboboooobooooDD
ubboooobbooobbooobobooobbooooboboan

a N
‘ Risk Index (original)
@ + Methodology to evaluate the effects of infrastructure appropriately
‘ Risk Index (Improved to include 4 sub-indices below) ‘
Sub-Index A on Mortality
Sub-Index B on Affected Population 4 Sub-Indices
Sub-Index C on Direct Economic Loss correspond to
SFDRR Targets
4{ Sub-Index D on Critical Infrastructure
o )

0 79 SrO00040000000000D00O00DOOCOOOCOO0O

gobooobooooobobooobbbooobbooobbooooboboooboboooobboon
gobobooobooboooboooooobooo 7-odbooooooboooooobooooaoooboooon
vbobooboobobooboobooboboobooobooboboobobbooboobobooobo
dboboooobobooobobooobboooboboooobobooobobooobbbooobobooobon
gooo
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Evaluation by Sub-Index C on Direct Economic Loss

o Understanding of Hazard
38 - -
3 Rainfall Analysis, Run-off and Flood
151 Flood Scale 5 Damage
= e Inundation :
B Probability . Analysis
@ . Analysis
> Analysis
4‘ ——
{Rainfall, River Water Level, i {
Discharge data i

© . i
g fTopographicaI, Elevation+»
s
©
=
el
2
=]
o
Q
o

Damage & Risks

Evaluation

Direct Economic Loss

Direct Economic Loss

| Formulation of "
| Plan & Priority,
Implementation !
' of Structural ./
|___measures__ |’

Other Kinds
of Data &

] Information

0 710 ODOO0OOO0OO00O0O000O000O0000O00000

RIOODOOOODODDOOOO0DOOOO00OOO00bObO000obOoo0oboooogooobooooobooo
uboboooobboriIOOobOboooOoBNPBOOOOOOOOOOOOOOOODOOOOOO

721 O0O0Q0OOOOOOOOOOOOOOOOODOOO0OO0OOO0On

gobooobobooobobooobbooobbooobbooobbooobobboooobooooo
gbobooobbooobbooobbooobbooobbooobobbuoooobbuooooboboann
gboobooooboobobooboobooobooooboboobooboobobooboooboobooboo
ubobooooboboooboboobbooobbooobbbooboboooooboooboooonooooan
gboboobooboobooboobobooboboboooboobobooboboobobooboobobo
gobooooooboooo 71100 7-rmogbggooboooboooobbooobboobbooon
gbbooobbooobbooobooabood

Temporary Method I:'> Interim Method I:'>Permanent Method

Accuracy of Detail Very Rough Between both Detailed
Analysis Error Large Error Between both Small Error
Pre-existing dat: h .
re-existing data suc Complementary data Accumulated direct
Data to use | as damage records and R X
: such as satellite data observation data
Requirement past calculation
Difficulty of . . Need to handle simple Need to handle
; No need for simulation X . . R
calculation simulation advanced simulation
. : By 2025 for half BPBDs By 20% for BPBDs
Target time for preparation By 2020 for all BPBDs By 2030 for all BPBDs with heavy-risk

071 OO00O00OO0O00O0O000000O0000

Targetin 2030 20% of BPBDs fulfill a world standard

Target in 2020

Accuracy of Analysis

Target in 2025

Accuracy of Analysis

>

80% of
Locality

20% of BPBDs fulfill a
permissible level of accuracy

Half BPBDs fulfill a
permissible level of accuracy

Accuracy of Analysbﬂ accuracy with plentiful data

All BPBDs fulfill a

permissible level of accuracy

fullness of Data

O

fullness of Data

fullness of Data

7-12 OO00D000D00O000000D0000O00DO0000

7-8
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722 O0OO0OOOOOOOOOO

uobooooooboboooonoobooooooo 7-Bgboboogobobogobooborboooog
gbobooobriIObDOoOOoooobOobooobobooboboobobooboboobobO0bRI™
Capacityl] 71Indicator ] D0 D 0000000000 0O712000000 7lndicator ] 000000000000

ubobbooabbboooobbobooobbuoobbuoobbuooooboobobooobboooabn
gobooobobooobooboooboobog

(t N
Risk Evaluation '7 Total 10 Risk Index (original)

disaster types
P Evaluation of Non-Structure Measure

Evaluation of
Structure

Temporary Method

Measure &
Interim Method Direct Economic
Permanent Method lose

0 713 000 RIOOOOODOOOOOOOOO

Tsunami
Volcano

J

73 OOO0OOOOOOCOOOOOOOOCO

obobooboboobobooboboobobooobooboobobooobboboobooboooon
uboboooobboooobbooooboooobooboooobbooobobooobobo7ooooobooan

i PUPROOOOOO

ii. oboboooboboooboboooboboooo
iii. oooooBBWSOOOOODOOODOOOOO
iv. oooooobOoboooooooo

\ Risk Index [0 [0 [

Vi doooooobooooobooooooog

ubbogabbobooobbbooobbboooobbooobbooobbbooobobbooooobnsod
02017001710 0000000020000000000000000087000000000000067
gussoooboooobobooobobooobboboobobooboboboobobonooboobnoobo
gboboobooobobooboboobbobooboboooboboobgobz4abbObObDOn
ubobooooboboooobboooobobooobobooobobooobobooooboo

731 O0000O0O0O0OO

7.3.1.1 Temporary Method

00000000 TemporaryMethodd O OO0 0000000000000 O0OO0DOOO0ODOOOODO
KotaManadol 120140 00000000 OPDNADOODOOO 7-14000000000000000000O0O

152 EM-DAT Disaster List http:/www.emdat.be/disaster list/index.html
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goboooog 7-1smoogboboogobobooobbogobbooobbooobobooo2040000
U0 0 Temporary MethodDl D 0 DO DO 000000000 O0OOO

PDNADOOD20140000000000001,276billionIDROCOOOOOOOOO0OOO0DOOODOO0OO
UobDo0oobboO047HaU OO DD OOoOooooog

Damage Loss Total
g ¥ 4
Nilai (Rp.) Kerusakan |
Kabupaten/Kota e Faraan +Kerugian
ri 1 Manado 801,4?1.5_3_4.000 475,{04,3?5.000 1.276_8?5.909.00_(1_‘_ E
Z | Minahasa 34.700.470.000 5.731.174.000 40.431.644.000
Total 3 | Minahasa Selatan 27.712.963.000 |  48.047.406.000 75.760.369.000
Manado |41 Minahasa Utara 18.874.990.000 4.117.000.000 22.991.990.000
5 | Tomohon 13.487.100.000 9.471.500.000 22.958.600.000
JUMLAH 896.247.057.000 | 542.771.455.000 | 1.439.018.512.000 !
Sumber: Hasil Analisis BNPB 2014 eSS
Kota Manado '
Damage =Rp 801 Billions Total North Sulawesi Province
bow=Rp. 473 5] Mony Rp. 1,439 Billions
Total = Rp. 1,277 Billions

0 714 2040000000000 PDNAODO

- 'néualmwvumum.hu.-m;-m,‘:-mm‘-|mmmmﬁl;|mm

647 Ha

[

ywae * * Total inundation area =

o) .

Tondano & Tikala
A 451Ha

S M : |

y o ol 5

»  Total Lokasi Tergenang:
9 Kecamatan, 59 kelurahan

O 715 20400000000000000

gbooobobooboboonsgbgboooboboooboomMPODO0booboooboobooooong
goMpOOODOOOODOOODOMPO2S00000000O0O000O0DOOO0O0O201400000250000
gobboooobobooabopDNAOOOOOOOOOOOOMPOOOOOOOOOOOOOO0DOOOOO
gboobobooboboobobobobo2boobooooboboooboMPO0OODODOODO
goboboooooro7ioboog

133 Comprehensive Flood Management Study in Manado City and Tondano River Basin under Urban Flood Control System Improvement in Selected Cities
(UFCSI)(Package-1),2016
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A=2.2m

Water Level in 2014 flood

B=1.56m

Dike;rop Level in M/P

B/A=0.71

7-16 201400000000 MPOOODOOODOONO

0000000000000 Temporary Methodd DO DO OO 7-5000000

Target Flood

Inundation Area
by Target Flood

Damage Amount
by Target Flood

Plan of Structural
Measures

Outcome
(Reduced
inundation area
and damage
amount) by
Structural
Measures

* Set the flood in 2014 (past largest flood) as the target.

* Inundation Area is set as 647 (ha) from past PDNA data

* Inundation Area is set as 1,277 (IDR Billion) from past PDNA data

* Assuming the structures in the Master Plan (M/P)*

*Source: Comprehensive Flood Management Study in Manado City and Tondano River Basin under
Urban Flood Control System Improvement in Selected Cities (UFCSI) (Package-1) 2016

* At first, A

dation area and d

ing the i

amount at

the M/P dike Level by using the ratio between the channel flow
area at the flood in 2014 and that of M/P dike Level. (Refer to

Figure.1)

* Then, the damage at the M/P level is conversely regarded as the

effect achieved by the M/P.
<Assumed Outcome by M/P>
Reduced Inundation Area: 459 (ha)

Reduced Damage Amount: 907 (IDR Billion)

0 75 00000000 Temporary Method [0 00 00 00 O

Set the historical maximum floods etc.
from analyzing sufficient past rainfall
and flood data.

Calculated by Inundation analysis

Calculated by Inundation analysis and
Damage Analysis

Through each flood analysis and
economic analysis, etc., an integrated
flood control plan is formulated
throughout the basin.

Outcome is confirmed by comparing the
difference of inundation area and
damage between by without project and
by with project in inundation analysis.

00000000 Temporary MethodD DO DO O0O0O0O 7600000000000 OOO0OMPOOOOOO
gb25000000000000459Ha0 000000907 Billion IDROOOOOODOOOOOOODOOODOO
oboobgz24ioooboooboooboobooboobooMPODO0DO0ODI8SHaU DO ODODOO
370Billion IDRODO OO OODOODOOO

0 7-6 Temporary Method U 01 00 0O

Outcome by Master Plan
Output
I Construction (Improved Reduced Reduced R y Rati
Scale Program Length) Inundation Damage emarks atio
Area Amount
(km) (ha) (IDR Billion)
Target Current Situation
(Flood in 2014) (Base Line) - 647 1,277 (A) by PDNA 100%
Master Plan Total 27.1 459 907 (B) by Temporary Method 71%
Level .
Remainings 188 370 =(A)_(B) 29%

7-11
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7.3.1.2 Interim Method
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InInd
Analysis ‘,-'I: Itemn Ideal Data & Information Related
¥ o for precise analysis Current situation of data Preparation in Manado o
Organizations
* It is necessary to install observation stations (Hourly Data) so |*Hourly: 7 stations (About 4 of them are newly installed in 2017 by BWS) BWS, BMKG
Recommended . . . "
. . il ) as to cover the whole river basin. but they does not cover the whole river basin. Therefore, several
Rainfall Analysis, © Number of Stations . . . . N )
N . =) * For forecasting and EWS, Every 10 minutes is preferable stations are need to be installed to cover the basin.
Rainfall Probability | & and Frequency X N
Analysis £ *Daily: 14 stations
& . = Data as long as possible *Hourly: 1 year (4 stations), 13 years (2 stations ), 16 years (1 station)
Data Accumulation . N
*Daily: About 7 to 16 years in each
© *Hourly Observation covering the whole river basin at =Hourly: 4(5) stations (4 stations are newly installed in 2017 by BWS. BWS, BMKG
g 1. Before and after a confluence point Before 2013 flood, One station observed hourly data for 1.5 year but it had
g Recommended 2. Upstream/Downstream of weir, gate etc. broken at the 2013 flood and no longer used (New one is installed 1km from
< | Location of Stations 3. The location of discharge observation previous in 2017))
§ and Frequency 4. The require location for WL such as location of reservoir, *3 times per day: 15 stations
3 retention pond, estuary etc.
§ * For forecasting and EWS, Every 10 minutes is preferable
g Data Accumulation = Data as long as possible 'Ho'urly: 1 year (4 stations), 1.5 year.(l station but no longer used)
*3 times per day: About 4 to 20 years in each
Runoff Analysis, *Observation at *There is no data that can be used immediately. However, there is a BWS
Flood Scale g 1. Locations where the flow is calm, where changes in ibility that it is observed temporary when a donor project etc. is
Probability 2 river channels and river beds are small, and where implemented.
Analysis, 2 Recommended : : "
4 a . . observations even in dry seacon can be also possible, etc.
Inundation = | Location of Stations
= =Frequency
Analysis, B and Frequency X AN .
" % 1. During flooding time, to observe as much as possible
; including small and medium scale floods. Observe not only
2 peaks but also during ascent and descent.
Data Accumulation |=Data as long as possible
_ *Plan: 100mx100m is better =There are no series of data that can be used immediately. However, BWS, BIG
g River Channel *Cross sections, Longititudinal : 200m pitch is better there is a possibility that it may be carried out partially by each
£E construction or project basis.
g
k3 River Basin * If surveyed, 100mx100m is better =There is no data that can be used immediately.
* If satelite image is used, 25mx25m is better
Land use - Detailed Land use Map =Rough Land Use map BWS, BAPPEDA
Forest & Enviroment
Damage Analysis, Asset Data *House, Industry, Civil, Agriculture, etc. =There is no data that can be used immediately. However, there is a BWS, BPS,
Direct Econoic Loss Economical Data *Each Unit Price for damage calculation, Deflator, etc. ility that it can be used by making full use of related data. BAPPEDA
Evaluation Damage Ratio ~Damage Ratio by Inundation Depth *There is damage ratio by damage but no ratio by inundation depth. BWS, BPBD

0 78 OOOOOOOOCOO

Data

Method of Data Complement

Rainfall Data

Utilize satellite rainfall data after checking correlation with ground
observation rainfall

River Water Level (WL) Data

Complement from flood marks etc.

If there is a moving image which shooted drifting object like driftwood at
fixed direction and perpendicular direction to the river channel, the flow
Flow Velocity rateis estimated by image analysis.

Topographical Data of River Basin

Utilize satellite data (Global degital elevation data)

Land use

Land useis classified by aerial photograph interpretation.

Economical Data

To count the number of buildings by interpretation of aerial photographs,
Asset Data and to estimate each asset using past damage rate by PDNA, various
official socio-economic data, their ratio and so on.

. Estimate the damage rate by inundation depth with the relationship
Damage Ratio between the past damage ratio and pastinundation depth

134 GSMaP (hittp:/sharaku.eorc jaxa,jp/GSMaP/index_j.htm)
155 USGS (https:/earthexplorer.usgs.gov/)
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5 River 4
River Section Length C"é:;’;i::'y‘“" = e ‘l:’,l‘;;
Tondano 0.0-7.2k 7.2km Less than Q5 Q25 33-112m 27-98m
Tikala 0.0-7.2k 6.9km*? Less than Q2 Q25 61-73m Slm
Sario 0.1-5.3k 5.0km*? Less than Q2 Q50 26-34m 20-28m
Malalayang | 0.0-2.42k 2.4km Less than Q5 Q50 31-34m 25-28m
Bailang 0.56-1.59% 1.0km Q50(min Q2) Q50 38m i2m
Muhawu 0.0-4.6k 4.6km Less than Q2 Q30 21-23m 15-17m

Notes ;  *1:River Area Width: River course + Inspection passage
*2: River Length : the Tikala River and the Sario River :after niver normalization

0 717 OO00OOOO00O0OO

136 Utban Flood Control System Improvement in Selected Cities (IP-551)

7-13

Final Report



ooooooooooooooooonooononn

YACHIYO ENGINEERING CO.,LTD./JORIENTAL CONSULTANTS GLOBAL CO.,LTD. JV

b g
’._._,)’\f £ \ ”::.
% -
' o i\ . G
| < . 7
| |
| |
P |
[ ¥ & F A \
iy \
= | |
W
e ke \
Py, g -
4

0 718 O000000125000

obooboooboobysboobooboobooobooysboobooboobbooooboon
uooboooono 7ooobobhooooboboooobobooobooy2sboodnbnoadd 1,145 IDR Billion [
obobooobooboooMsoobobooobobo0boooobOo0m4a8sIbRBillion 000000000
125000000000000000000O0O000O0DO0

vbbboodmzobooooooaooogasohogabooooabbooabobooooboooad
U235IDRBillion 000000000000 00000O0O017%0001,351.52235.6=0.1740 00000000
0570
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Design Return Flood Damage
With ‘g Occurrence Amount
) Case Period of the . Remarks
/Without probability .
Structure Scale (IDR Billion)
2year 1) 345.7 :aI IrT\ag)e Amount by PDNA in 2014 is 1,277 (IDR
inon
Without 5year 506.6|
Base Line -
Project 10year 823.1
25 year 1,145.3
50 year 1,351.5
2year 27.2|Flood might be occurred outside the priority
Priority 5Syear 113.1 project area. Therefore, damages still remains
Project Syear 10year 269.5
(FS) 25 year 485.0) —
With 50year” 699.7
Project 2year 0
Syear 0
Master Plan 25year 10 year 0 —

25 year 0
50year? 235.6

1'Regarding Flood Occurrence Probability Scale, "2 year’means a flood with the scale, which has the possibility to occur once in 2

Z'Supposing that structures aren't broken in case of a flood exceeding the designed scale.

' 0000000 Temporary Method 0 0 00000 OO OO 370Billion IDROC OO0 00000000000000000O0O00000O0O
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7.3.1.3 Permanent Method
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(1)  Temporary Method
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0000000000000 Creager’sequation ] 000000000

e.g.) Krueng Aceh (A=1,775km?)

Specific peak discharge is more
than 10 m3/s/km

(m* s km™)

Specific peak discharge ¢

.a =185
-1 _Chserved i Kyusys Shikeky hanbu)
i - ! "

10 10" 1 10 10° 10" 10° (km")

Drainage area A

< -
Peak discharge becomes 1,775 X 10=17,775 m3/s

O 7-19 Creager’sequation 1000000000

SOoppooooooooo
19 BWS sumateral 0000000
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(2)  Interim Method

InterimMethod D RRI'0 00 0000000000000 0ORRIOOOOOOOOOO0OOOOOOO0OOO
Uboboobooboobdboobdbdo (Rainfall-Runoff-Inundation: RRIMode) D O D O 0O O00OOOO
gbobooooboboboooboboooobobooooobobogobbooobobooaoooooooooanon
O0O0ICHARMOOOOOO0000000000000000000000000000000ORRIOOO
000000000000000000000000000000000000000001,300m*s000
90m*s0000000000000000000000RRICOO0O0O0O00O00O0O00O00O000O00

» Diversion Channel in Krueng Aceh

; .
A = %\’ _rt’___‘\‘ - B l-'
{lk e JN’? ‘5#"“3'),
¢ V. <Oy Pl
| (U S e iqq_@vif 2

SELAT MALAEA

» Design discharge is 1,300m3/s
Due to diversion channel, terrible inundation hasn't occurred in downstream.

Without With

w

0 720 ODO0ODOOODOODOOO0O

160 PENGERUKAN FLOODWAY KRUENG ACEH/ KRUENG CUT DI KOTA BANDA ACEH
161 Rainfall-Runoff-Inundation (RRI) model; http:/www.icharm.pwri.go jp/research/pdfiresearch_topics/2_ rri.pdf
162 http://www.icharm.pwri.go jp/index_j.html
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> Rainfall data

Hourly rainfall data is complemented from GSMaP.
Rain on November 23, 2000 is the biggest rain record after 2000.

(mm/hr)

|

Pos Curah Hujan Kp. Lheue

2000 @ diversion point

0 721 20000 nOO0000O00O0O0O0O0O00OO0

obobooboobooboboobobobobooboobobobboobobooboobo4%boon
oboooooboobooobgoooon

Without With

40% reduction

milion 1D 5 4739215
Unit price for housing is 225 million IDR according to field survey

0 722 20000 nOoooooooooonoooooanoa
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