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Thailand 2011 Flood
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Integration of technology for data analysis and flood management
modeling & cluster landslide warning networking

Earl warnln and real tlme decision maklng
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Technology needs for macro-management
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Streamflow
monitoring

Water Level
Gauge
Airborne - All sensors reporting position
Imaging - All connected to the web Stored
Device - All with metadata registered Sensor
- All readable remotely Data

- Some controllable remotely

GIS Data

Flood sensor web
(Event detection, monitoring, and
decision support system )
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Data from monitoring situation equipment
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Our Technology : Telemetering
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Control Unit

Data sending via TCP/IP
Data monitoring via Web
Service

No backup storage

min and
hourly

Data sending via GPRS
Modem to Server ,

drive
Energy Control Unit
Management fro
cell

for Control GPRS‘Wodem

Circuit Unit for Analogue-
Digital Converter (A2D)

= M , Upgrade Firmwere

Communicatio

n Unit

WAVECOM M1206 5

& Fago Maestro 100
(GPRS Modem)

o Send data via FTP

o Config value via S

Cinterion TC65 Teminal
(GPRS Modem)
o Send data via FTP

o Config value & RTU via
SMS

OTA
o 2 way communication

- Motorola G24 EHSAT 24

(3G Modem)
in Development ©
o Send data via FTF
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Sensor Unit

Precipitat
Humidity §
Temperatie

Solar radiation
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Water Level (Radar)
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EO-1 acquired an observation
of Ayutthaya-Chao-Praya
(2011-08-08 02:51:17)

EO-1 acquired an observation
of Ayutthaya-Chao-Praya

(2011-10-11 03:12:45)




"VIIRS Data Products of Thailand
NOAA-NGDC

VIIRS Thailand IR Sources »
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Our Technology :
High Perfqrmance Computing Facilities

(

= \Weather Research
Forecasting (WRF Model)

= Regional Atmospheric
- L Frontenc Modeling System (RAMS)

— 10 Nod .
g = |mage Processing

{ — Compute Node
32 nodes

"__ SAN Storage

- 127TB
|~ Infiniband
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HAII'S High Performance Computing Facilities

P I I R I I I R R,

- WRF

ThaiSARN
662M

Gigabit
1Kb/s

Cluster1

CPU: Intel Xeon E5650x2
Memory: 48Gb
Harddisk: 500G x2
O/S: Rocks Clusters
Lustre
mvapich, openmpi
PGI CDK
WPS3.2, WRF3.2, Python

.
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Gigabit

: Cluster2 1Kb/s

* CPU: Intel Xeon E5650x2

. Memory: 48Gb

+ Harddisk: 500G x2

O/S: Rocks Clusters
Lustre

mvapich, openmpi
PG| CDK

RAMSE0, Python

RAMS
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CPU: Intel Xeon E5650x2 O/S: CentOS

Memory: 8Gb
Harddisk: 500G x2

Lustre

Storagel 12TB

compute-0-0 to compute-0-15
CPU: 192 cores / RAM: 768 MB

CPU: Intel Xeon X5650x2 O/S: Rocks Clusters

Memory: 48Gb Lusire
Harddisk: 300G x2 mvapich, openmpi
PG| CDK

WPS3.2, WRF3.2, Python
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SS

CPU: Intel Xeon ES650x2  O/S: CentOS

Memory: 8Gb
Harddisk: 500G x2

S
s

Infiniband

8 Gb Fiber (4x2 for HA)

Lustre

8 Gb Fiber (4x2 for HA)

MDS/OSS

CPU: Intel Xeon E5650x2  O/S: CentOS

Memory: 8Gb
Harddisk: 500G x2

Lustre

Storage 12TB

compute-0-0 to compute-0-15
CPU: 192 cores / RAM: 768 MB

CPU: Intel Xeon X5650x2 O/S: Rocks Clusters

Memory: 48Gb Lustre
Harddisk: 300G x2 mvapich, openmpi
PG| CDK

RAMSE0, Python
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SS

CPU: Intel Xeon ES650x2  O/S: CentOS

Memory: 8Gb
Harddisk: 500G x2

8 Gb Fiber (4x2 for HA)

Lustre
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HAII1 Cluster Load last day

1%t forecast is at 00:00 UTC or 7:00 am (Thai time)

NCEP data (3.1GB) is ready to
download at 11:35 am

Data prep completed and
simulation started at
approximately 12:10 pm

Simulation completed at
approximately 16:00 pm

Post-processing
completed at
approximately
16:30 pm

-

Tue 00:00

O 1-min Load

Tue 06:00
@ Nodes

Tue 12:00 Tue 18:00
[ CPUs B Running Processes
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Medium-range weather forecasting using WRF (>72 hrs)

(% b

Meteorological Initialization/ 3-nested domains using 23 products (images)/day

boundary condition —_ WRF v. 3.2 ¥ hourly, 6-hr , and
(No feedback from nest to daily data of rainfall, winds, pressure

its parent domain) Temperature, and relative humidity
3-hr GFS
I I WRF domains \_ . Y,

SST Initialization o T —
Prescribing Daily RTG SST at Day 1

f Distribution and sharing model’s results \

20°N

to
Computational Time TN + gov.ernmel.ltal orgagizations wh()
working mainly on disaster warning, water
PRE PROC POST management and preparedness
0 + researcher and public who are interested
in the information
0.5-hr 4-hr (144 cpus) 0.5-hr + Provided as input of hydrological model
| for Decision Support System (DSS)
00UTC RUN 80°E 90°E  100°E  110°E  120°E  130°E operated at HAII
- Leadd  Leadl  Lead2 Lead3 Leadd LeadS  Lead6 \ j
dayl day2 day3 day4 day$S day6 day7
dayl day2 day3 day4 day5 day6 day7 Hyd r°|°g|ca| model
dayl day2 day3 Flood forecasting and decision

support system
+ CPY

' —12UTC NE-w
i —%9 Lead0 Leadl Lead2 Lead3 Lead4 Lead5 Lead6

dayl ' day2 day3 day4 days day6 day7

S ___ R =} W Rl .

dayl day2 day3 day4 day5 day6 day7
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Short-range weather forecasting using
COUPLED WRF-ROMS (<72 hrs

( Available : 3 products (images)/day

Meteorological Initialization/ S + daily rainfall
Lodndary sundifos. 3-nested domains using R T o i
WRF v. 3.4 + relative humidity
(No feedback from nest to B DRI
+ pressure
3-hr GFS (0.5 deg) its parent domain) 9 p

Ocean Initialization USER SERVICE
e DO T

HYCOM Olutput ((1/|12fdeg)dprovi;1ed at
initial time (only for nudging i "
+ SST ROMS (version 3.4) Ongoing work 111!
+ Salinity with single domain
+ Currents
Computational Time \ /
PRE PROC POST 1 WRF domains ROMS domain
40N
Net surface heat
25-min 4-hr (192 cpus) 2-min 20°N nd momentum fluxes
—>
00UTC_RUN 20°N
Lead0 Leadl Lead2 Exchange
! modeled fields
: dayl day2 day3 10°N via MCT 0
— — =~ e s (every 10min)
dayl  day2 day3 ' o
4 ) e TSN
dayl day2 day3 90E 1208

80°E  90°E  100°E 110°E  120°E  130°E Bathymetry (meter)

500 1500 2500 3500 4500



3-day Rainfall Forecasted during super typhoon Haiyan
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Our Technology : Terabyte Server

A cluster of servers: | rOTR— B o
- 24 TB capacity et T

- Auto-backup : server-server, '+
tape 7

Network Gigabit Switch 24 ports

- Clustering-GRID
environment v oo
Data:

Back Up Server
SeUU Tape

- Telemetering

- Satellite/radar images

- Internal/External Research
- Data exchange with partners ! R . 2.

Services: .k ‘ AN Rh

- Data warehouse e | SRE~ k. Ry oo
- Modeling | ;==
- Public websites & % e,

.....

T
Web Server Blade




www.thaiwater.net

e Storm direction

* Rainfall information

* Sea surface height/temperature
* Water diagram

 Dam water level

Water model and warning system in flood and
drought for water management

Automatic real-time data:
* Solar intensity

* Temperature
* Humidity

* Air pressure
* Rainfall
* Water level
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Media Box
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Integrated modeling structure

Decision Support System: DSS

Weather forecast
(WRF)

Hydrological Model

Water Resources
Model

Reservoir management

Water allocation
— Water balance

—> —_
< F
~ N

Flow in rivers
(discharge, water level)
Controlled structures

Overland flow/inundation
(flood level, area, time)

Flood management scenarios

~N




Decision support system (DSS)

Forecast Data

e 55

Management

~ Flood Management

T Ty



Flood forecasting system

Flood forecasting models combine the use of 1D river model and 2D overland flow model
together. By coupling these two models with the weather forecast (WRF), the flow &
flood conditions can be predicted 7 days in advance. The project area covers the entire
Chao Phraya river basin.
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Real time monitoring system

Real-time mode

" MIKE CUSTOMISED REAL-TIME - workspace1

Direct data connection

Flexible data presentation

Home Publish Wew
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Scenario mode
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» Support scenario design in real time mode

» Fast and easy

» Risk analysis and possible flood impact
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Possible flood impact analysis

Scenario mode

Forecasted
rainfall

Real time
flood forecasting

iIsions

Flood probability
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Dec

r—-‘;-;-------'

assessments
I
Early warning
I
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National Hydroinformatics and Climate Data Center

Data 237 items from 12 agencies

Met data

Tides

Reservoirs §

Hydro-met
data
Flood

forecast
Bangkok

drainage

Remote sensidg/'s7oa
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Current Systems
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HAII'S High Performance Computing Facilities

PR L LT

¢/ WRF

Network
1Gb/s

Cluster1

CPU: Intel Xeon ES650x2

Infini

40Gb/s

8 Gb Fiber

MDS/OSS

CPU: Inte! Xeon ES650x2  O/S: CentOS
Memory: 3Gb Lustre
Harddisk: 500G x2

band

MSA P2000 40TB

8 Gb Fiber

O/S: Racks Clusters
Lustre
Mvapich, opeamgi

PGICOK
WPS3 2, WRF1.2, Pythan

-

.
.
[

Lusire

PGI COK
WPS1.2, WRF3.2, Python

Grid Computing (EUAsiaGrid)

—

Network

: 1Gb/s
ul
CPU: Intel Xeon XS850x2
Memory: 16Go
Harddisk: 148G x2
0/S: Sciantfic Linux
Lustre
Mvapich, mpich

s

3

compute-0-0 to compute-0-15

CPU: 192 cores / RAM:768 GB
CPU: Intel Xeon X5650x2
Memory: 48Gb

Harddsk: 300G x2

OIS Rocks Clusters.

Myapich, openmpi

oss

CPU: Intel Xeon ES650X2 ~ OVS: CentOS
Memary: 8Gb Lustre
Harddisk: 500G x2

L L LT

Infiniband

&

40Gb/s

Netw

CPU: Inel Xeon X5650x2 1 G,

Memory: 45Gb
Hardisk: 146G x2
rs: Sclentific Linux

Lusre
Myagich, moich

<

‘7 "

NS |8 Gb Fiber
mon

CPU: Intel Xeon X5650x2
Memory: 16Gb

Harddisk: 146G x2

OVS: Sowanitc Linux
Lustre

Mvapich, mpich

Storage
2TB(Share)

Hydro-dasih
CPU. ES-2670 12

RAM:32G8

OS-window server 2006R2 64bit

Hyro-dss02
CPU: E5-2670 2

RAM:32G8

OS:window server 2008R2 6401t

Hydro-1102
CPU: E5-2670 2

RAM:32G8

OS:window server 2008R2 64bit

Hydro-501
CPU- E5-2670 12

RAM:32GB

OSwindow sarver 2008R2 64D7

3

N

.

.

P T L T L L R

S

S
MDS/OSS

CPU: Intel Xeon ESES0N2 QS CamOS

Memary: 865 Lisre
Harddsk 500G x2

8 Gb Fiber

Infiniband|
40Gb/s

,esecscccccccscccccccscsnnsnnanna,

Cluster2

CPU: Intel )(acn ES5650x2
ey s’ <] MSA P20p0 4078}
&fﬂ:o’;ls Chusters. $ 8 Gb Fiber :
e oz compute-0-0 to compute-0-15 s :
RAMS80, Pythan CPU: 192 cores / RAM:768 GB [
CPU: Intal Xeon X5650x2 OVS: Rocks Clusters 0SS H
Memory: 48GH Lustre CPU: Intel Xeon ES650:2  OVS: Cen0S ]
Harddisk: 300G x2 ;:é?l"c& openmpl Memoary: 8Gb Lusire .
RAMSEQ, Python Harddik: 500G x2 :
'’

’

Router+
Firewall

“Cluster 1w (iasdnia)

MDS/OSS

CPU: Intel Xeon E5-2666x2  OIS: CantOS

Memery: 48Gb Lustre Storag 20TB

Infiniband
40Gb/s

Cluster

CPU: Intel Xecn E5-2665x2
Memory: 48Gb

O'S: Rocks Clusters

<
(]

CPU: Intel Xeon X5650x2

Memory: 16Gb
Hardask 146G x2

O/S: Scientific Linux

Lustre
Mvapich, mpich

MSA P2000
40TB

Worknode-01 to Worknode-04
CPU: 48 cores / RAM:192 GB

CPU: Intsi Xeon X5650:2
Memery: 48Gb
Harddisk: 146G x2

QUS: Scientific Linux
Lustre

Mvapich, mpich

Yeccccccccccscccgeccccscccccccccccccns’

’

emmmssccsscscssssanny

~

Seccscccccccccccccccccccccsnnn

B T

Xeon Phi, GPU

Xeon PH Server

CPU: E5:2670 2

RAM 64GB

Inted Xeon Phi 7120P x2
HDD 300GB x2

550 H00GB x4

GPU Server

CPU: E5-2640v2 x2
RAM 64GB

NVIDIA Testa K20X GPU
SSD 400GB x4

tecccsccccnsccccnccccnnna?

Lustre

Mvagich, apenmpi
PGI CDK
RAMS60, Python

8 Gb Fiber

compute-0-0 to compute-0-23

CPU: 384 cores / RAM: 1152 GB
CPU: Intel Xeon ES-2665x2 O/S: Rocks Clusters
Memory 48Gb Lustre

Mvapich, cpenmpi

PGICOK

RAMSED, Python

0
D L L L L L L T T T L L E L L L T T

0Sss
CPU: Intel Xcan £5.2665x2

8- Cene0S
Memory: 48Go Lustre

semecccccccccchecccccnccncccnccnaa,

Seessccscccccccsccccccccccsscnana

.

¢ Mobile data center aws. 5id@n

.

8 Gb Fiber

Network
1Gb/s

MDS/OSS
CPU: Intel Xoon E5-2665x2 OIS: Cent0S

Moy S42 L= HP P30 20T

Harddisk: 500G x2 "
.
.
I

8 Gb Fiber

Infiniband
40Gb/s

Cluster1

CPU: Intel Xean ES-2865x2
Memory: 64Go
Harddisk: 146G x2
0/S: Rocks Clusters
Lustre
Mvapich, openmgi
51 COK

compute-0-0 to compute-0-7
CPU: 128 cores / RAM:512 GB

CPU: Intel Xeon ES-2665x2  OVS: Rocks Chusters
Memory: 64Ga Lus
Harddisk: 600G x2

CPU: Ineel Xoon E5.2665¢2  OS: Cent0S
Memory: 684G Lustre

| C
WPS3.5, WRF3.5, Python Harddisk: 300G x2

Mvagich, apermpi
PGI CDK
WPS15, WRF3 5, Python
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%‘wj Prm:ual J“H Public

Cloud Based Integrated Visualization, Decision Support & Collaboration

3 Crisis
Management
Related
,, Ministrie
s

el Visualization, Decision Support & Collaboration

User Interface &
Decision Support

Visualization Collaboration

Forecasting &
Modeling

Forecastlng & Modeling
Weather forecasts

Decnsnon Support Modeling
Weather & flooding

* Hydrological models * Damage
e Water resource models e Temp. flood structures
Hydrodynamic models * Proactive flooding

Hydroinformatics &

: Water quality models * Evacuation
Climate Data Center

Data verification and Analysis

: ¥ \GT INTERNATIONAL Based on AGT’s ReadyMIND platform 27
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surajate@haii.or.th
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