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What is iFFRM?

* iFFRM stands for
Integrated Flood Forecasting and River
Monitoring

* |tis alarge system that encompasses
hardware and software, processes and
procedures, telemetric and databases, and
operational and maintenance systems to
forecast floods and monitor the rivers.
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IFFRM Operational Objectives

* To accurately and effectively monitor rainfall,
water level, water flow, water quality, debris
and mud flow, and tidal and saltwater
intrusions in real-time.

* To accurately and effectively forecast flood
events in real-time.

 To monitor and control all remote stations,
sensors, instruments, and provide visual
displays of information.
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IFFRM Flood Forecasting Model
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Hydrological
Schematic —
one 1

Catchment (km?)

148

Subcatchments

46

Nodes

299

Links

298

Network Objects

644

Computational Length (m)

38,774

River Sections

240

Boundary Nodes

50

Junction Nodes
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Hydrological
Schematic —
one 2

Catchment (km?) 122

Subcatchments 64

Nodes 298

Links 297

Network Objects 679

Computational Length (m) | 58,020

River Sections 210
Boundary Nodes 67
Junction Nodes 21
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Hydrological
Schematic —

one 3

Catchment (km?)

182

Subcatchments

53

Nodes

386

Links

385

Network Objects

825

Computational Length (m)

67,121

River Sections

289

Boundary Nodes

55

Junction Nodes

24
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Hydrological
Schematic —
one 4

Catchment (km?) 61
Subcatchments 47
Nodes 295
Links 294
Network Objects 036
Computational Length (m) | 44,114
River Sections 157
Boundary Nodes 49
Junction Nodes 35
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Hydrological
Schematic —
Zone 5 A T s

Catchment (km?) 80

PR
YW 1303

Subcatchments 76 —)
Nodes 371 o :'l'm:.:;,}im TN

Links 370 e A ,a’iq e T

Network Objects 817 S R

Computational Length (m) | 68,523 _ ."f-*.q,, ) *~ e |
River Sections 134 B AR
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Catchment (km?) 171
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Hydrological
Schematic —
one /

Catchment (km?) 153

Subcatchments 95

Nodes 638

Links 687

Network Objects 1,470

Computational Length (m) 98,969

River Sections 436

Boundary Nodes 105

Junction Nodes 62
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Hydrological
Schematic —
/one 8

Catchment (km?) 132

Subcatchments 32

Nodes 208

Links 207

Network Objects 488

Computational Length (m) 54,894

River Sections 118

Boundary Nodes 35

Junction Nodes 23
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Hydrological
Schematic —
/one 9

Catchment (km?) 163

Subcatchments 94

Nodes 626

Links 625

Network Objects 1,345

Computational Length (m) 124,353

River Sections 347

Boundary Nodes 97

Junction Nodes 74
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* 6 RTU Stations

* 6 Rainfall Stations

* 3 Soil Moisture Stations
* 3 Water Level Stations

e 1 Water Quality Station
* 1 Water Flow Station

1 Meteorological Station

|
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Integrated Floo Forecasting and River Moritoring

Zone .

* 13 RTU Stations

e 10 Rainfall Stations

* 5 Soil Moisture Stations
* 8 Water Level Stations

* 4 Water Quality Stations
1 Meteorological Station

* 4 Jungle Stations
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Zone

* 7 RTU Stations

e 4 Rainfall Stations

* 3 Soil Moisture Stations
* 5 Water Level Stations

e 2 Water Quality Stations
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* 4 RTU Stations

e 4 Rainfall Stations

* 3 Soil Moisture Stations
* 3 Water Level Stations
e 1 Water Quality Station
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14 RTU Stations

13 Rainfall Stations
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Zone

* 10 RTU Stations

* 9 Rainfall Stations

* 4 Soil Moisture Stations
e 7 Water Level Stations

* 3 Water Quality Stations
1 Water Flow Station
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* 4 RTU Stations

e 4 Rainfall Stations

* 4 Soil Moisture Stations
* 4 Water Level Stations
e 1 Water Quality Station
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one

* 10 RTU Stations

e 10 Rainfall Stations

* 6 Soil Moisture Stations
* 6 Water Level Stations

* 4 Water Quality Stations
* 1 Vertical Profiler Station
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iIFFRM Zone 1 (North)
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FFRM Zone 1 (South)




FFRM Zone 2 (North)







iIFFRM Zc/me 3 (Nor)
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|FFRM Zone 6 | North east
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The iFFRM System

*Mesh network
*GSM network

RTUs
SMART System

IMM

*Standard board
*Security surveillance
*Gauges

*Cameras

*Alarms

iF FRM

Integrated Floo Forecasting and River Moritoring
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*VSAT network
Process & Control GITN network

JPS Wilayah Persekutuan
Control Center JPS Selangor
JPS Headquarters

JPS Officers



iIFFRM Data Flow

Raw Data

Telemetric

Monitoring
System System

e

Database

FloodWorks
Input System

FloodWorks

iEERM

Py,
KLANG VALLEY

Forecasted Floods



IFFRM Application Classes

 The custom applications can be divided into 4
classes:

— Telemetric

— Data brokers

— Report generators
— Web clients
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Telemetric Class Reporting Class

T

XML
Telemetric Monitoring Java
System System .CSV

Raw Data

Data Broker Class

\\ Database

FloodWorks
Input System

1

1

1

i

l Remember:

1

: A system is made up of even smaller systems
We shall take a look deeper...

FloodWorks

Forecasted Floods

iEERM

e~
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Web Client Class

Reporting Class e l _______

Z HTML

XML
Java
.CSV

iIFFRMWeb

IFFRMTV

Monitoring
System

A

Database

iFFRM is an OPEN ARCHITECTURE system

iEERM

Py,
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RTU Data Flow

Raw Data This is done every
15 minutes
RTU Data

Data L
atd LOsser Video Feed

On-demand data

,

Camera
Data Logger ﬁ
Database crip
Actions

iEERM

KLANG VALLEY



- Sensor Data Flow

Raw Data ——RiEMiE!

Raw Data ——
Soil Moisture
i . . RTU Data
aw Uata Water Level
Raw Data m

Raw Dat — Data Logger
awbata T~ Water Flow

Raw Data — | Met Station

Raw Data \

Raw Data

Gas

A

Batteries

Data Logger

Raw Data —\ Database

iEERM

e~
KLANG VALLEY




Data Logger Data Outflow

as broadcaster

Data Logger
Broadcast at Port @

as web server

,

Data Logger

,

Broadcast at Port::http

as data server

Data Logger

Data Logger Broadcast at Port::ftp

Database

L

Broadcast at Port::dial-up

iEERM

e
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Data Flow (outside Control Center)

_port::7700 v

_port::http

port::ftp

~port::dial-up

port::80
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Real-time Data Flow

TU1,2012 5 7 9 20 17,B,T+0.799,0.764
_port::7700

Data Packet

Some facts:
About 400 packets are generated every 5 minutes,
but within 20 seconds
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sror 49 20 17,B,T+0.7

Telemetric Data Flow

iF FRM
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Telemetric Class Reporting Class

T

XML
Telemetric Monitoring Java
System System .CSV

Raw Data

Data Broker Class

\\ Database

FloodWorks
Input System

1

1

1

i

l Remember:

1

: A system is made up of even smaller systems
We shall take a look deeper...

FloodWorks

Forecasted Floods
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FloodWorks Data Flow

Database

W Water Level f Soil Moisture [

BTU1,2012/5/7 9:20:17.8,0.8

D ZBATUOl1l 2012 5 7 9 20 17 0.8 0 D

oAAY,

LLLLLLLLLLL



JMM Network Environment iFFRM \\JMM Server iFFRM Mesh iFFRM local Server AMRFF Network Environment

(Linux) @JMM Communications @iFFRM (Linux)
MM Network UMZANIRFE TN \1gef Network
METAR
>

.

UPPER AIR

.

RADAR

.

JMM transfers the The files are The software
target filesto a only available if FTPs the files to
specified location on the connections AMRFF every
the iFFRM server between servers hour

are full

connected

iF FRM
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JMM Network Environment iIFFRM \\JMM Server iFFRM Mesh iFFRM local Server Sg. Muda Network Environment

(Linux) @JIMM Communications @iFFRM (Linux)
SRANERe g IOy . Network
NWP
)J
RADAR
)J

JMM transfers the The files are The software
target filesto a only available if FTPs the files to
specified location on the connections Sg. Muda every
the iFFRM server between servers hour

are full

connected

iF FRM

Integrated Floo Forecasting and River Moritoring

KLANG VALLEY



JMM Network Environment

(Linux)

iFFRM \\JMM Server
@IMM

NWP

JMM transfers the
target files to a
specified location on
the iFFRM server

iF FRM

Integrated Floo Forecasting and River Moritoring

KLANG VALLEY

iFFRM Mesh
Communications

4

The files are
only available if
the connections
between servers
are full
connected

iFFRM local Server
@iFFRM

The software
FTPs the files to
iFFRM every 12
hours

iFFRM Network Environment
(.NET)

mxa IFFRM Network




Telemetric Class Reporting Class

T

XML
Telemetric Monitoring Java
System System .CSV
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Report Generator Class

* Automatically generates reports 24 hours a
day

— Hydrological status of the Klang Valley
— Health status of the RTUs

* The objective is to save user time and effort

* Reports are updated as soon as the data are
available
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RTUReport .html file

2} iFFRM RTU Report - Microsoft Internat Explorer,
Edit
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DMMNS5 on Saturday, May 12, 2012 4:35:23 PM

Rainfall 0.0 mm S/12/2012 4:35:00 PM Updated every 5 minUtes

Sail Maisture 0,304 VWS 5/12/2012 4:35:00 PM .
Security Adivate 1 2/24/2012 £:00:00 PM [ F th ht I f I (th f h )
ey A T W T orthe .ntmitie (the page refresnes
Silant Alarm 1 S/12/2012 4:35:00 PM .

1 sz sssooem All stations status are generated

Security Feedback 1 8/158/2011 3:10:00 PM 5

Sensor Battery 125w Sf12/2012 4:35:00 PM

Security Battery 12,6 v Sf12/2012 4:35:00 PM

Mazh 1 S/9/2012 £:14:55 P [ urs

video 1 S/12/2012 3:29:59 P EIEEE

EEM i S/12/2012 4:35:00 PM

Copyright @ 2007-2012 Integrated Flood Farecasting and River Monitoring, JPS Malaysia

@ Done \:ﬁ Local inkranet

RTUReport .txt file

DMN5 Report
Saturday, May 12, 2012 4:35:23 PM

Parameter Value Last Recorded Date Remarks

Rainfall 0.0 mm 5/12/2012 4:35 PM

Soil Moisture 0.304 VWC 5/12/2012 4:35 PM

Security Activate 1 2/24/2012 6:00 PM -77 days 22 Hours
Security Arm 1 2/24/2012 6:00 PM -77 days 22 Hours
Silent Alarm 1 5/12/2012 4:35 PM

Siren 1 5/12/2012 4:35 PM

Security Feedback 1 8/18/2011 3:10 PM -268 days 1 Hours
Sensor Battery 12.5 v 5/12/2012 4:35 PM

Security Battery 12.6 v 5/12/2012 4:35 PM

Mesh 1 5/9/2012 6:14 PM -2 days 22 Hours
Video 1 5/12/2012 3:29 PM -1 Hour

GSM 0 5/12/2012 4:35 PM

Integrated Floo Forecasting and River Moritoring

h
KLANG VALLEY



ParameterReport.html file

FFRM Parameters Report - Microsoft Internat Explorer
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BTUL -0,002 VWG 5/1/2012 5:20:00 PM [

BTUS 0.195 YW 4/10/2012 11:20:00 AM

BTUT 0.208 VW C 5/12/2012 3:115:00 PM
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GBK3 0,286 VW C S/12/2012 4:35:00 PM
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MKLG14 0,240 VW 5/2/2012 3:55:00 PM

DMNL 0,331 VW 5/12/2012 4:35:00 PM

CMH4 S0LOBE VWE S/12/2012 4:35:00 PM

DMNS 0,304 YW 5/12/2012 4:35:00 PM

DMNE 0.067 YW C 5/12/2012 4:35:00 PM

REUL 0,326 VW 5/12/2012 4:35:00 PM

REUZ 0,219 YW 5/12/2012 4:35:00 PM

REUZ 1,775 WG SA12/2012 4:40:00 PM 2

RSU4 -0,002 VWG 5/12/2012 4:35:00 PM
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LKLGZ 0.283 VW 5/12/2012 4:35:00 PM

LKLGE 0.508 VW 2/27/2012 3:115:00 PM

LKLG4 0,340 YW 5/12/2012 4:35:00 PM

LKLGS 0.339 VW C 5/12/2012 4:35:00 PM

LKLGS 0.424 VW 11/10/2011 6:40:00 PM

.(.:Opl,'r’lg anitoring, a al,lsla.
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Updated every 5 minutes
For the .html file (the page refreshes)
All parameter status are generated



Microsoft Internat Explorer,

Running monthly daily
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Web Client Class

* Web pages to customized the iFFRM data
available to users.

* iIFFRMWeb

— Like a web site that can display any of the data
available. Point and click

* IFFRMTV

— Like a television that ONLY display any of the data
available.

LLLLLLLLLLL



iFFRM TV - RSU1 - Microsoft Internat Explo

Ele Edit Wiew Favorites Toals Help
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Copyright ® 2007-2012 Inteqrated Flood Forecasting and River Monitaring, JPS Malaysia

@ Done
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Real-time water level
chart



R&D OPPORTUNITIES
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IFFRM Advancement Philosophy

DO NOT disrupt the operations of the
Telemetric Class Applications

* DO NOT create a by-pass system

* DO NOT compete with the Reporting Class
Applications

* DO NOT replace the existing iFFRM
Applications

DO NOT modify the Database structures

LLLLLLLLLLL



e QUESTION everything iFFRM

e COMPETE with the existing flood forecasting
model

 ANALYZE all data to extrapolate and
interpolate virtual data

 EXPAND IFFRM

LLLLLLLLLLL



IS THERE A FUTURE IN RAIN?

LLLLLLLLLLL



Rainfall Events

* |nput
— Observed rainfall
— Forecasted rainfall (3 days)

* Problem

— They are not the same and create problems during
flood forecasting.

— When the forecasted rainfall is off by at least 1
hour, the forecasted flow decreases rapidly.

LLLLLLLLLLL



Flood Forecasting with Future Rain

.

Integrated Floo Forecasting and River Moritoring

KLANG VALLEY

Run 673 <Latest Systemn> : 5/2/2012 16:30 [S heavy rainfall]

45.0 5
40.0 H
Major Level:: ZBATU1L7WL]
[Moderate Level::ZBATU17WL]
1 timortevehkrzeaTH W

z Atertteveln ZBATUTTINE
3 1
Vo
T
& 1
=

35.0

30.0 : : - : : : T r : :

18:00 00:00 06:00 12:00 18:00
S5/1/2012 5/2f2012
Near Segambut Komuter Station [Live] MNear Segambut Komuter Station [Current run] seseseses



After an Event + Future Rain

Run 678 <Latest System=> : 5/2/2012 17:45 [S heavy rainfall]

35.0 4
* [Major tevetrzukL et twt]

L

[Moderate Level:: ZUKLG 1 1 WL]

[Minor tevelr2ukLet it}

33.0 4

31.0 A

Water level (m)

29.0 4

27.0 H

25.0 . : . T :

T
18:00 00:00 06:00 12:00
Si1/2012 Sf2/2012

MNear Jalan Tun Razak, Ampang Highway Crossing [Live]

T
18:00

Near Jalan Tun Razak, Ampang Highway Crossing [Current run] ssesesess

Integrated Floo Forecasting and River Moritoring

KLANG VALLEY



In the Middle of an Event

Not YET seen by the FF

Run 1103 : 5/7/2012 04:00 [1 heavy rainfall]
35.0 4
'Eajo’rtevéhTZUKLG ]
[Moderate Level::ZUKLG1 1WL]
[minor tevehrzuRLG T WL
33.0

Stopping the flood forecasting,
but letting the observed data continue

31.0

Water level (m)

29.0

27.0 4
Flood forecasting assumes that the event has stopped
25.0 T T T T T T T —_—
06:00 12:00 18:00 00:00 I
S/6f2012 S/7/2012
Near Jalan Tun Razak, Ampang Highway Crossing [Live] MNear Jalan Tun Razak, Ampang Highway Crossing [Current run] s=s=ssses -
; RM Future Rain, but delayed

s—
KLANG VALLEY



Opportunities

e Can forecasted rainfall event be expedited or
delayed?

— What are the losses (gains) over the expedited
period?

— What is the distribution pattern for a 5-minute
duration?

— Is there a distribution pattern correlation with the
guantity of rainfall?

LLLLLLLLLLL



Benefits

e The moment an observed rain event of a
certain quantity is detected, then the
enhanced forecasted rain can be applied.

— Can be used to accurately (more or less) forecast
the immediate future rain

— Can be used to fill out missing rain information
and treat it as observed

— Can vastly improve the flood forecasting model

LLLLLLLLLLL



AKAN BANIJIR DI SANA SINI
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Forecasted Flood Event

* Output
— Forecasted flow at selected points on the river

— Forecasted water levels at selected areas of the
river

* Problem
— Can we issue these as warnings to the public?

— Should we tag the warnings with confidence
levels?

LLLLLLLLLLL



Opportunities

e How accurate is the forecast?

— Can we measure the accuracy?

— Is there a correlation model between the
forecasted and observed events?

— Should we over-forecast?
— Or should we under-forecast?
— If so, by how much?

LLLLLLLLLLL



Calibrating the Model

Produced by parkint (28/09/2011 14:27:22) Page 1 of 1

Sim: >ZONE2>Run Group>Final Calibration 7>GOMBAK LOW FLOW#2 (28/09/2011 14:26:31)

GB1.0013900

\
1

Height above datum (m AD

4

BLO - oo mmemieaan

29,0 f---------

BB L TR

25.0

6/5/2011 11/5/2011 16/5/2011 21/5/2011 26/5/2011 31/5/2011 S/6/2011 10/6/2011 15/6/2011 20/5/2011 25/s/2011 30/6/2011

>GOMBAK LOW FLOW=2, Stag

1/5/2011

Final Calibration

Stage

Max (m AD)

Min (m AD)

30.467

25.661

Final Calibration 7>GOMBAK LOW FLO W#2

water level

R~RM

Integrated Floo Forecasting and River Moritoring

KLANG VALLEY



Selecting a Peak

Height above datum (m &0)

3.0-7---

e e e e e el p

g g B

0o:00
1&/5/2011

21:00

18:00

15:00

12:00

15/5/2011

RM

Integrated Floo Forecasting and River Moritoring

—

KLANG VALLEY



* iFFRM generates in real-time the KPIs of the
forecasting related sensors.

* And collectively generates the efficiency
* Efficiency weightages:

— Rainfall @ 40%

— Water Level @ 24%

— Soil Moisture @ 20%

— Water Flow @ 10%
— Meteorological Parameters @ 6%

LLLLLLLLLLL



KPI of Data Collection

Daily Efficiency (Flood Forecasting)
May, 2012

| Switch to Pin Mode

May, 2012
Watar Level R.ainfall # Soil Maoisture - Wind Diraction - Wind Speead - FRelative Hurmidity
& Barormetric Pressure - Evaporation & Solar Radiation & Water Flow & Efficiency

iFFR

Integrated Floo Forecasting and River Moritoring

KLANG VALLEY



Coverage

Rainfall Station

Each station has a 3 km radius




Future Rain Sensitivity

&) Ao 11:00AM T

AAC) NG =

Predicted 15 hours earlier Predicted 3 hours earlier

LLLLLLLLLLL



* This generates a simple linear efficiency
measuring the quality of the inputs.

e Can this be extended to become a viable
correlation model to measure the accuracy?

* Over time can this meta model be used to
apply any error corrections to the forecast?

LLLLLLLLLLL



ARE THERE PARALLEL WORLDS?

LLLLLLLLLLL



Multi Forecasting Models

* |[sone enough?

e Can we have two, three, or four models
running at the same time?

* No two models will output the exact same
forecast.

* iFFRM has an open architecture and was
specifically designed and developed to
accommodate multiple models. Just plug and
play away.

LLLLLLLLLLL



* iFFRM via its Data Broker Class Applications can
feed data to any models (but for Klang Valley only
— for now)

* Can input:
— Observed hydrological parameters
— Observed selected meteorological parameters

— Forecasted rain

— Performance indicators

— Video feeds

— Historical data for calibration
— Hydrodynamic features

LLLLLLLLLLL



Telemetric Class Reporting Class

T

XML
Telemetric Monitoring Java
System System .CSV

Raw Data

Data Broker Class

FloodWorks
Input System

FloodWorks W—\
My Forecasted Floods

Forecasted Floods

iEERM

Py,
KLANG VALLEY



Coverage

Rainfall Station

Each station has a 3 km radius




Zone

* 10 RTU Stations

* 9 Rainfall Stations

* 4 Soil Moisture Stations
e 7 Water Level Stations

* 3 Water Quality Stations
1 Water Flow Station

iEFRM

od Farezasting and River Monitaring

KLANG VALLEY
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Hydrological
Schematic —
one /

Catchment (km?) 153

Subcatchments 95

Nodes 638

Links 687

Network Objects 1,470

Computational Length (m) 98,969

River Sections 436

Boundary Nodes 105

Junction Nodes 62
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Have your own model to connect to
IFFRM
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Multiple Model Opportunities

 Multiple models can support each other
* Average results can be used

* A mixed model for a single catchment can be
researched

* Distributed computing for speed can be tried

* What-if scenarios can built to approve new
man-made hydrological features

LLLLLLLLLLL



In Summary

* i{FFRM has an open architecture

 There are about 1,700 data points available at
any one time

e There is a mixture of urban and rural areas

e Historical, real-time, and future rains are
available

e Communications is at a very high speed
* Video history for events are available
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* Nearly 1,000 sub-catchments
* 1 minute rain is available (to study intensities)
* More catchment can be attached to iFFRM

* Many man-made hydrological features are
available
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THANK YOU
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