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General information

Project’'s name: Decision Support System for Real-
time Flood Warning in Vu Gia- Thu Bon river basin,
Quang Nam province (in Vietnamese: Hé hcfS tros trure tuyén
canh bao li cho lwu vuwe séng Vu Gia- Thu Boén, tinh Quang
Nam)

Code: KC.01.24/11-15 (under The National Program for Key

Science & Technology “Research, Application and Development
of Information and Communication Technologies”)

Project Leader: Prof. Nguyen Kim Loi (Nong Lam
University- Ho Chi Minh City)

Project funding: Ministry of Science and Technology
Duration: Feb 2011- Dec 2015

Study area: Vu Giaé¢ Thu Bon river basin, Quang
Nam province , i 2%, ¥g

» r 3
: & , -
A o S P ‘- “ : 4



Integration of Automated SWAT and HEC-RAS Models in Real Time Dat

General information

m Project office
v-Room RD405A, Rang Dong Building
v Nong Lam University- Ho Chi Minh City

Bon v| Bonvi 3 \/3n phong D& tai cdp Nha nudc KC.01.24/11-15
chu quan chi tri

Host Hé hé tro’ trwe tuyén canh béo lii cho lwu vure séng
SR Vu Gia - Thu Bén, tinh Quang Nam

S Y D National Project Office | Code: KC.01.24/11-15
RD405A Decision Support System for Real-time Flood Warning

in Vu Gia - Thu Bon river basin, Quang Nam province
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General information

m Equipment
v Laptops
v Handheld GPS
v Servers
v Softwares: ArcGIS Desktop, VizZSWAT
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Integration of Automated SWAT and HEC-RAS Models in Real Time Data for Flood Forecasting

Prediction of rainfall in Vietham from 2010s — 2070s
Source: SEA-START, RCCC (2009)
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Where is Vu Gia- Thu Bon river basin?

W, ..n = 20.1 billion cbm, Q,,,.,, =400 cms S =10,350 sq.km =
Q (cms): 3 province/ city: Kon Tum +
Qpooq= 309 - 778 > Q4= 60 - 130 - Quang Nam + Da Nang City ‘
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The 4 greatest problems facing managers!

,
Water Problems/Disasters
— + + + (landslide, drought, flood, etc) f
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Temperature trend in Vu Gia- Thu Bon river basin
Source: SEA-START Center, RCCC-NLU, Dragon Inst.
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Rainfall trend in Vu Gia- Thu Bon river basin
Source: SEA-START Center, RCCC-NLU, Dragon Inst.
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Objectives

| Integration of Automated SWAT and HEC-RAS Models

Develop a real-time flood warning system using GIS,
Information and Communication Technology, SWAT (Soil and
Tool) and HEC-RAS (Hydrologic
Engineering Centers- River Analysis System) in Vu Gia - Thu

Water Assessment

Bon river basin

-

Building a meteo-
hydrological data
monitoring
network in the
river basin

Develop a
suitable flood
warning model for
the river basin

\_ /

\
Provide flood
warning timely to
flood-prone
households in the
river basin

15
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Materials

m Servers:

v Database Server
v WebGIS Server
m Real-time meteo-hydrological data monitoring network:
v 20 weather stations
v 5 hydrological stations
m Softwares:
v Visual Studio .NET
v PostgreSQL/PostGIS, Microsoft SQL Server
v VisualSVN on Windows Server

v ArcGIS Desktop, ArcSWAT, Viz=GWAT, SWAT-CUP, HEC-
RAS

m Others:
v UPS
. v Handheld GPS -
" v.GSM/GPRS; Internet oS ¥
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Jata Colle 0
ID Data types Data sources
Primary data
1 |[Socio-economic data Participatory Rural Appraisal- PRA
2 |Real-time meteo-hydrological data 20 weather stations, 5 hydrological stations
Secondary data
1 | Topographic map Department of Natural Resources and
2 (2010 land use map Environment of Quang Nam province
3 |Soil map Central Sub-Institute of Agricultural Planning and
Design
4 |Reservoir data (hydropower, irrigation) Department of Natural Resources and
Environment of Quang Nam province
5 |Meteo-hydrological data (1980- 2013) Middle-Middle Region Hydro-Meteorological
Centre
6 |Socio-economic data (2012- 2014) Quang Nam Statistical Yearbook
7 |Floods data (1998- 2015) Irrigation Department of Quang Nam province
8 |Satellite imagery (2004, 2006, 2011, 2012) |Vietham Remote Sensing Center
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I Telecommunications |
infrastructure

|
| End users

I - Households
- Managers

I
I I I
I ! I
I ! I
I : M |
: f Internet :

I I
: ! w | e
| ! ! | Data processing center
: | Lo Flood warning
| : : : module
o =

I

: I o

O SN—z— (@) =«

households, estimate
flood depths.
Send flood warning
messages to
households, flood
information to

WebGIS Server
Provide, manage
HM, flood data

o Database system 200 & N odule

| | Database Server - Physical > 9 !

[ . : : Automatic flood simulating and
o Receive, store - Socio-economic ;

I | data from stations - HM forecasting based on SWAT-
I : HEC-RAS model was

I

- Flood
Tl calibrated, validated ____ !

____________ Real-time hydro-— ~°
meteorological (HM)
data monitoring
network

\ Water level
Datalogger sensor
Recorded

S— data ever
4 = Rain gauge, 30 minsy '
Ed Datalogger Sensor:
Recorded data - a@ir temperature
. 4 | every 5 mins - air humidity
h - wind speed




m Spatial data
v DEM (Digital Elevation Model)
v Land use/cover map
v Soil classification map

v Reservoir (characteristics,
release data)

v Crop calendar
m [ime series data

v Maximum/ Minimum
. temperature

v Rainfall
v Relative humidity
v Evaporation
v Solar radiation

v Wind speed T
_~_« Water discharge (for - #
5 - callbratlng the model) s

o q (lqglq-ng the locatlons of stalrons)..

i iy

Integration of Automated SWAT and HEC-RAS Models in Real Time Data for Fll

Data required to set-up SWAT model

e EERC XW22922.CDR

Evaporation arld
Transgpi atl}::ni

+ Precipitation

Root Zone

Vadose
(unsaturated) Zon

Revap. from Return Flow

Shallow Percolation to >
sty Shallow Aquifer  ghajiow Aquifer
Aquifer

Confining Layer l l

Deep Flow Out of Recharge to

(confined) [RVETETS Y g
Aquifer Deep Aquifer
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recws

Model philosophy

HEC-RAS: Hydrologic Engineering Center's River
Analysis System.

Developed by The U.S. Army Corps of Engineers’
River Analysis System.

Perform one-dimensional steady and unsteady flow
river hydraulics calculations for a full network of
natural and constructed channels.
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Data required to set-up HEC-RAS Model

m Topographic data

v Digital Elevation Data
m Land use/cover map
m Geometric data

\/ Strea m Ce n te rI i n e \ Normal Water Surface \ Flood Water Surface
' Floodway : : Floodway =
/ Right Bank, Left Bank >— ' =

v Flow Path Centerlines
v Cross Section
m Hydrological data
v Water discharge and stage

Left Bank Station Right Bank Station
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Can integrate SWAT and HEC-RAS?

Real world >  Modeling

Watersed scale > D SWAT

Simulate water discharge at the outlets of
the basin.

In-stream scale> l‘

5. - A et [Simulate flow velocity, water level at the cross

{ A ot 4w |sections.
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How to integrate SWAT and HEC-RAS?

A HeC-RAS

River network,

Extract . to edit Geometric data
flow direction >
Extract _Water to edit Boundary condition,
discharge - .
Initial condition
Time step synchronize Time step
(30 mins, 1 day) < = (30 mins, 1 day)




L
Automated procedure for SWAT model

Weather database (5 mins)

Prof. Raghavan Srinivasan ik (MS SQL Server)
SWAT Expert, Texas A&M University, USA & }ez"';’?
G St Texas At Uniera USA Ry season. - Dry sason
xpert, Texas niversity, >
¢ IX-XII -
= ;/ ) ( VIH)\A
Weather input files: rainfall .
* { { * 4 Aggregate data every 30 mins Aggregate data every day
(*-pcp), empera ure(™.tmp), (rainfall), daily (others data) (all data)
humidity (*.hmd), wind (*.wnd) I T
Update file.cio Update file.cio
M aSter Wate rShed (Simu]ati()n durati()n, pﬂn‘[ Outpu‘[ (Simulation duration, prlnt output
file (*.cio) files on 30 mins) files on daily)
SWAT project (30 mins) SWAT project (daily)
Execution file 7
(*.exe)
Run SWAT
Output file of main Wy v
3 Water discharge Water discharge

reach (output.rch)
SO output.rdﬁm mins) output.rch (daily) 25
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Automated procedure for SWAT model

Create SWAT project € Manual
Contains all input, output files on folder TxtInOut (30 mins, daily)

| pepl.pep - Notepad

Aggregate all input files € Using read, write file commands i

. . . | fle.cio - Notepad Lati ”; o j:’“:;‘t’““r'”‘_‘“““

- Master watershed file (*.cio): simulation ————— o3 |
Project Description: o Eley Eﬁ:.f lggggg;gg ngéggfovégflwﬁjggoooof?gggggfé\g

duration, print Output ﬁles (30 minS, daily). General Input/Output saction (file cio)® 200¢ 19900 12909930C 15900020001 2500000.5000000 5¢

1111912015 12:00:00 AM ARCGIS-SWAT interface AV 200 10900yo0040 12000030001.0000001. 50000015

200¢ 1890003025.8021.3024.8020.0025.1021.1

i Weather lnput ﬁles (*.pcp, *.tmp, *.hmd, General Information/Watershed Configuration: 200900101:30000.75003.60014.10

fig fig

. . 1 | NBYR : Number of years simulated
* wnd): check the validation of data, update data. = ir gmsresinn |
365 | IDAL : Ending julian day of simulation

Output Information:
3 | IPRINT: print code (month, day, year)\

Automatically run execution file < Using command System.Diagnostics.Process.Stai

=1 SWAT 32rel.exe 9/14/2015 8:14 AM Application 2, 1ractary . .
_‘ATMO'ATM 7| EASWATVGTB\VGTE\Scenarios\ Default\ TxtInOut\SWAT_32rel.exe SyStem'Ig'D- CVFO J'SEtcurrentDlreCtorygSNATFOJI.der), " "
E;;;&s; i SURT201S System.Diagnostics.Process p = System.Diagnostics.Process.Start(SWATFolder + @"\SWAT_32rel.exe");
éIGOOGIOOGE.chm Soil & ‘?afngrugigigﬁmnf foot . E.NBi‘tFOI"EXi‘tUj

Program reading from file.cio . . . executing

(E2¢] 000010003.chm

'
fre| 000010004.chm p ' DlS pOS e( ) _; SWAT May 20 2015 VER 2015/Rev 637

General Input/Qutput section (file.cio):

Automatically process output file & Using read, write file commands "= emsssimmn

Output file of main reach (output.rch): day, hour, water =" ™% ey 05 T

General Input/Output section (file-cio):
12/3/2015 12:00:00 AM ARCGIS SWAT interface AV~ REACH 2 0 1 0.3717E+03 0.1287E+02

dlSChaI'gC (30 mins, daily) - REACH 3 0 1 0.8425E+04 0.5640E+03

*
J RCH GIS DAY DET AREAKm2FLOW_OUTems
_ L3 REACH 1 0 244 1 0.1586E+03 0.0000E+00 0 1401E-44
- | REACH 1 0 244 2 0.1566E+03 0.0000E+00 0.1401E-44
r REACH 1 0 244 3 0.1566E+03 0.0000E+00 0 1401E-44
e
P B
; . R - 26
e . " '
B - = i
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Automated procedure for HEC-RAS model

] Water discharge Water discharge
Mr. Christopher R. Goodell . output.rch (30 mins) output.rch (daily)
HEC-RAS Expert, WEST Consultants, Inc., USA '
cdl U J C Y A 4
N Update *.u0l1 Update *.u0l1
: . (upper boundary, 30 mins) (upper boundary, daily)
aste s ol B v y
Update *.p01 - Update *.p01
imulation duration, print output (simulation duratlon? print output
files on 30 mins) files on daily)
O 0 O HEC-RAS project ( 3(%) mins) HEC-RIAS project (daily)
Vs ontrollerCoae v
< Run HEC-RAS )
' |
Y v
Qutp e conta ate Water level Water level
avel 3 N actio * *.dss (30 mins) *.dss (daily)
| |
op [ [ [ ] H *
OLISE > N . . Run RASa Mapper >
# f'; [
Qutp e conta v v

. Flood depth Flood depth
" 000 dep o0 | R tif(3@mmins) * tif (daily)
o =2 ¥ i e s v

27
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Automated procedure for HEC-RAS model

Create HEC-RAS project € Manual
Contains all input, output files on one folder (30 mins, daily)

Aggregate all input files € Using read, write file commands

SWAT1.u05'Ed [=] SWAT1p01 I'ﬂ|

- Master file (*.p01): simulation duration, print output=

Las}

4o Tarie—swnTa
[ SWAT1u05 E3 | SWATIREIE|

files (30 mins, daily). o
- Unsteady flow input file (*.u01): update upper g : ﬁfii o izzizif: TE o Tma
boundary condition and initial condition. e s - S
Automatically run executlon file & Usmg module HEC—RAS Controller Code,
MOMS@ TVaCklng ; — o7 Manage Results Maps b
— = View Result Maps for: Al Plan Resuits (E2] %] [ Compute/Update Stored aps.
:S:h:]and = ! ! e _Add [ dd Hew iap|
Depth (Ma) %
VISE (Max)
Velocity (Max)
| e TR CUTentELITLrS - GRS Depth (06JUN2016 01:30:00) & Map not crezted
P B Depth (05JUNZDTE 02:00:00) = [T —— W.

Automatlcally process Output ﬁle é Usmg module GeoTIFF of GeoServer,

module flood warning ﬁ 2] Depth (22MAY2016 14 30 00).Terrain.dem20m
& o’ 2| Depth (22MAY2016 14 30 00)
% ” ,Flood depth file (*.tif): ddy, hour, flood depth (3(7 mins, dally)
’ "

o ® y 5 ’ *
o il ’hn‘r" P --.' g ; 28



o

Logs

-print Stop -l—‘-r‘es—l_,nnr-

SWAT project

Input files

L =<

—print! Stop +Yes—='~'l}"_i-__"_-_l_'l'iﬂ:):lf:'_i::.-. <

file.cio

pcpl.pep

tmpl.tunp

hmd.hmd
Nlo wind . owid
A 4
Execution file | SYWAT* exe
Output Tile output.rch
HEC-RAS project
Input files
h 4 * 101
! * p01
No i P
w

Execution file

Output files

RAS Mappe
Input file

RASMapper

Output file

HECRASConurol ler
Code h2l= slwm

* _computehsges

* _dss

r folder

Track.txt

Depth
(Time).tif

WebGIS folder

-~

Input files
(Local)

v

GeoServer

Output file
(Online)

Start

+

Model setup —_—

print: P

Weather -
database
(5 mins)

update | "
e~ Declare start time
— Declare end time
- |
Declare time step
~——— (30 mins/ daily)
~  Auto SWAT *‘--upﬂa‘ej
update Create input files
—active— Run model

extract
RCH (SWAT)Boundany Location (HEC-RAS)
DATE. DET. FLOW _OUT=»Flow Hydrograph (HEC-RAS)

-

Auto HEC-RAS %

~—update— Create input files

~f—acti

ve— Run model

Auto RAS Mapper

active

I

Mouse Tracking

copy/ | Wiew online flood map
extract | )
Depth.tif -— Connect to WebGIS
Time.txt €—— l
: Sto
Depth P
(Time).tif

print o
Logs

print

Prirt—-

—print—-

The floyvchart of automated SWAT, HEC-RAS prograiil for real-time flood forecasting 29
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Results

30
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Database

m DEM, soll, land use map

Elevation (m)

gy Hioh:2582.95 _
, <
| <.
Low :-31.2808 SIL
] |
B WA
x' % '1-
._i. ’ ' - f ﬂt fﬂ: B
. " -
L; " 2 " P e v " E Y o i ._ - .-L- : » ‘:"‘l
i - ’ L * A e '5‘ !‘ [ 8 ﬁ'
- 4 - - 4 »
- g -h.‘- e, Al £ o ¥ 4 o B :L"*#

Land use type

AGRC
AGRR
BARR
FRSE

M FrsT

PAST
RICE
uiDu
UINS
URHD
URML
WATR
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Database

m Historical meteo-hydrological data (1980- 2013)

17 rain gauges/ meteo- hydrologlcal stations

Legend

« Rain gauge

*  Weather station
Hydrological station
Reservoir

e Basin boundary
[ District boundary

32
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Jatan s
olgfer: 20 drological data (19c(

/ 0 CUC( 1r010¢ ( AU1(
ID Name Type Long. () Lat. (9) Elevation (m) Data
1 Hién DM 107,64 15,92 497 P
2 Kham DBlrc DM 107,79 15,44 385 P
3 | Tién Phuwéc DM 108,32 15,48 64 P
4 |QuéSon DM 108,10 15,70 44 P
5 |Thang Binh DM 108,35 15,74 16 P
6 ([Tra My q 108,23 15,33 102 PT,S WH,E
7 |PaNang q 108,20 16,03 10 PT,S WH,E
8 [Tam Ky g 108,47 15,57 7 PT,S WH,E
9 [Thanh My TV 107,82 15,77 70 P,L D
10 | H6i Khach TV 107,89 15,81 12 P,L D
11 | NOng Son TV 108,03 15,70 19 P,L D
12 | Ai Nghia TV 108,10 15,87 6 P,L D
13 | Giao Thay TV 108,13 15,84 7 P, L
14 | Céu Lau TV 108,27 15,86 2 P, L
15 | HG6i An TV 108,33 15,88 3 P, L
16 | Hiép Buc TV 108,10 15,58 35 P,L D
17 |CamLé TV 108,21 16,01 7 P, L
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Database
20 weather stations

| code | tone() | o)
S Twror [ omrs | raro
"2 [0 | tosor | tser
"o [0 | oszr | tes0
e [wros | tonre | 13
"o [kros | tosat | tas
"o [ ko | tosat | tses
"o [ koo | tonts | tseo % e
o [kt | om0 | tsss
T [ | tosos | tsss
[z | ores | tss .
e[t | oras | tess ‘
s [ krrs | tores | tss

W o [ o | e | s

ing A Young

Thién nhiég
Tala Ngoc Lir,
5 o Vang Tat
¥ o Dong Amphan
e [ ]e National

i
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Database |
20 weather stations Field visit

1 iy A £

| 2 A Dé tai cip Québe Gia
w KC01.24/11-15

|

~ HEHOTROTRYC TUYEN
- CANHBAO LU CHO LUU VUC SONG
VU GIA-THU BON, TINH QUANG NAM

| Chi nhi¢m aé tai: ‘

| Trudng Dai hoe Ning Lim Tp. Hd Chi Minh
SDT: 0989617328 - (08)37242522

,‘ TRAM QUAN TRAC KHI TUQNG TU DPONG |

| Misd: i :Quié Phwec |
KT.02 Huyén : Néng Sen

L ]
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Database

5 hydrological stations TV3 TV5

TV?2 TV4
10 | Code | tong.() | tat () | Elev-m)
" [Tvoe] ronos [ o1 | amo
2 [mvos| ronae | 1sss | ors [N
e [z | 005 | 15ss | 1o [ A N |

& it
OL1aD | OL14E |

an Dan

tp. Tam Ky
auk

Ban Tia

Khu Bao ton
Thién nhié
Tala Ngec Li
Vang Lat

" Dong Amphan i
National
o W Biro ;lqu{_c TFue E
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Database
S hydrological stations Field visit
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Database

m Real-time meteo-hydrological data (Aug 2015 to now)

Microsoft SQL Server

Microsoft SQL Server Management Studio

Fle Edt View Cuey Project Debug Tools Window Community Help
Ahentiy [ H55 5 G H;
M master

o Vhete b 7 Ebﬂ HJ E”"@ @ﬂj E

Object Explorer

Connect jj !ﬁ Q

vl

3 dhoHDKT 05
7 dboHD KT 06
3 dhoHDKT 07
71 dboHD KT 08
3 dhoHDKT 09
3 dboHDKT10
7 dbaHD 711
3 dboHD T2
T dbeHD K713
7 dboHD KT 14
7 dbeHD KT 15
7 dboHD KT 16
T dbeHD KT 17
7 dboHDKT18
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2015/09/15 13:40:01,10830,1001, 3Bateria , 0
2015/09/15 13:40:01,10830, 2, DL-VOLTAGE ,13.26463
2015/09/15 13:40:01,10830, 31, Temp ,28.60293
2015/09/15 13:40:01,10830, 32, Humid ,79.06406
2015/09/15 13:40:01,10830,241,RainFall L0
2015/09/15 13:40:01,10830,242,WS5Sm L0
2015/08/15 13:40:01,10830, 34, WindDR ,105.2072
2015/08/15 13:45:01,10830,1001, 3Bateria , 0
2015/09/15 13:45:01,10830, 2, DL-VOLTAGE ,13.20627
2015/09/15 13:45:01,10830, 31, Temp ,28.35646
2015/09/15 13:45:01,10830, 32, Humid ,78.30554
2015/09/15 13:45:01,10830,241,RainFall L0
2015/09/15 13:45:01,10830,242,WS5m L0
2015/09/15 13:45:01,10830, 34, WindDR ,1E60.2648
2015/08/15 13:50:01,10830,1001, *Baceria , 0
2015/09/15 13:50:01,10830, 2, DL-VOLTAGE ,13.12071
2015/09/15 13:50:01,10830, 31, Temp ,28.103
2015/09/15 13:50:01,10830, 32, Humid ,B2.13943
2015/09/15 13:50:01,10830,241,RainFall ,0.254
2015/09/15 13:50:01,10830,242,WS5m L0
2015/09/15 13:50:01,10830, 34, WindDR ,123.2925
2015/08/15 13:55:01,10830,1001, *Bacteria , 0
2015/09/15 13:55:01,10830, 2, DL-VOLTAGE ,13.17204
2015/09/15 13:55:01,10830, 31, Temp ,27.88122
2015/09/15 13:55:01,10830, 32, Humid ,B2.13943
2015/09/15 13:55:01,10830,241,RainFall L0
2015/09/15 13:55:01,10830,242,WS5m L0
2015/09/15 13:55:01,10830, 34, WindDR ,163.2353
R
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Calibration and validation of SWAT
m Calibration: 1995- 2004 (10 years).

Q (m¥/s) Calibrated result at Thanh My (Vu Gia) station
10000 R?=0,95

mam 95PPU —— Observed — Simulated NSI = 0,95
PBIAS =-1,54
p-factor = 0,66
r-factor = 0,46
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Calibration and validation of SWAT
m Calibration: 1995- 2004 (10 years).

Q (ms) Calibrated result at Nong Son (Thu Bon) station
14000 R?=0,93
mm95PPU —— Observed - Simulated NSI = 0,92
PBIAS = -0,64

p-factor = 0,86

12000
r-factor = 0,52
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Integration of Automated SWAT and HEC-RAS Models in Real Time Data

Calibration and validation of SWAT
m Validation: 2005- 2014 (10 years).

Q (m?/s) Validated result at Thanh My (Vu Gia) station

8000
mm 95PPU — QObserved — Simulated
6000

4000

2000

R2=0,93
NSI =0,93
PBIAS =6,18

p-factor = 0,81
r-factor = 0,48
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Calibration and validation of SWAT
m Validation: 2005- 2014 (10 years).

Validated result at Nong Son (Thu Bon) station

Q (m’/s) .
mm 95PPU —— Observed - Simulated
18000
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16000 ’
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m Calibration:
v Flood event: 29 Sep 2009.

v R?=0,84, NSI = 0,56, PBIAS = -14,68%.

m Validation:
v Flood event: Oct- Dec 2007
v Giao Thuy station

Water level (mm)

== Observed .= Simulated

- i
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o )
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L
i
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371 flood marker in 2009

R2=085
N5l =0,18
PBIAS =4%

-
Calibration and validation of HEC-RAS

Trial and error

method
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£l
Automated SWAT, HEC-RAS module for real-time

flood forecasting

Model setup: Declare start time, end
time, time step (30 mins, daily),
running mode (automatic, manual).
Start/ Stope: Turn on/ off automatic
running mode.

Auto SWAT: Create input files, run
model, link to input files (pcp1.pcp,
tmp1.tmp, hmd.hmd, wnd.wnd,
file.cio), errors report of input data
(Error Data), link to output file
(output.rch).

Auto HEC-RAS: Create input files,
run model, link to input files (*.p01,
*.u05), results report of running
model (p01.computeMsgs).

Auto RAS Mapper: Run application,
link to configuration file “Mouse
Tracking”, result folder.

View online flood map: Connect to
WebGIS to view flood depth map.

Logs: Display timeline for step-by-

step implementation and start/ finish

status of the whole process. #
% o S % &

Automated SWAT, HEC-RAS program for real-time flood forecasting R=n[EcE
Model setup _ :
3- Time step 4- Running mode
1-Stat  01/09/201512:00 0O~ ,
@ 30 mins o Auto 30 min(s)
_ Stop

2-End 3110520160552 G- Daily Manual - 092945

Auto SWAT Logs

Directory: C:\SofGIS\VGTB\Automate\SWAT 2016-05-31 06:00:59-— Start automatic running---
2016-05-3106:00:59: Create input files for SWAT...
2016-05-3106:00:59: From 2016-05-31 00:31 to 2016-05-31 05:52
2016-05-31 06:00:59: Create file tmp1.tmp
2016-05-3106:01:09: Create file hmd.hmd

2016-05-31 06:01:26: Create file wnd.wnd

2016-05-31 06:01:35: Create file pcp1.pcp
2016-05-3106:01:46: Create file file.cio
2016-05-3106:01:46: Run SWAT...

2016-05-31 06:06:43: Create input files for HEC-RAS...
2016-05-31 06:06:43: Create file SWAT1.p01
2016-05-3106:06:43: Create file SWAT1.u01
2016-05-3106:06:56: Run HEC-RAS...
2016-05-3106:07:09: Run RAS Mapper
2016-05-3106:07:40: Copy result files to WebGIS folder
2016-05-31 06:07:40--- Finish automatic running---

‘ 5- Create input files H 6- Run model ‘

‘\ pepl.pep H hmd.hmd \ \oulgul.rch

{ tmp1.tmp “ wnd.wnd ‘

{ file.cio HError Dala‘

Auto HEC-RAS
Directory:  ¢SoftGIS\VGTB\Automate\HECRAS

‘T- Create input files H 8- Run model ‘
[ ~p01 H ~u01 H p01.computeMsgs ‘

Auto RAS Mapper

Configuration file ‘

9- Run application

[ Result folder ‘

View online flood map

Website:  htip://vgtb.hemuaf edu.vn/mucnuoc.php

\ 10- Connect to WebGIS ‘
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Result of flood simulation in 2015 (1 Sep- 20 Nov 2015)
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Real-time flood and meteo-hydrological data on WebGIS
m For households: http://vgtb.hcmuaf.edu.vn/
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Real-time flood and meteo-hydrological data on WebGIS

m For managers: http://vgtb.hcmuaf.edu.vn/admin/
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Conclusions

m [he calibration and validation results of both SWAT
and HEC-RAS models were satisfactory for flood
simulation and forecasting on Vu Gia- Thu Bon river
basin.

m The whole process of real-time flood forecasting on
the basin was automated by integrating SWAT and
HEC-RAS model.
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Optimal Selection of Number and Location of Meteo-Hydrological
Monitoring Networks on Vu Gia - Thu Bon River Basin using GIS

Nguyen Thi Hong#. Phan Thi Thanh Truc', Nguyen Duy Liem , Nguyen Kim Loi
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Abstraci— Meteorological data play a particularly important role in hydrologie research because the climate and weather of an area
exert & profound influence on most hydrologic processes. Meanwhile, hydrological data are critical for performing a range of
purpuoses, including water resources assessment, impacts of climate change and flood forecasting and warning. It can be said that the
prevention of disasters caused by floods and droughts would be impossible without rational forecasting technology based on an
understanding of the rainfall-runoff phenomenon and statistical analysis of past hydrological data, which cannot be achieved without
meteo-hydrological ohservations, The lack of adequate meteo-hydrological data affects the ability to model, predict and plan for
catastrophic events such as Mloods and droughts which have obvious negative impacts on public health and socio-economic aspects,
The accurate estimation of the spatial distribution of meteorological and hydrological parameters requires a dense network of
instruments, which entails large installation and operational costs, It is thus necessary to optimize the number and location of meteo-
hydrological stations. This paper presents a GIS-based approach to establishing an optimal metes-hydrological station network on Yu
Gia- Thu Bon river basin for developing an up-fo-date real time flood warning system. Based on statistical analysis of the annual
rainfall fotal data at 9 existing gauges in the study area from 1980 to 2013, it showed thai the error of the existing network was about
7.47%. Considering 9 rain gauges as a standard representative of rainfall over the region, if the error decreases from 7.47% fo 5%,
the number of additional rain gauges should be 20, For adequate and economical network design, these additional rain gauges were
spatially distributed between the different isohyetals after considering the relative distances between rain gauges, their accessibility,
personnel required for making observations using multi-layers analysis and spatial inferpolation. For hydrological stations, based on
consideration existing network with the requirements set out by the lood warning system, the number of stations should be five, In
terms of spatial distribution, three stations were distributed across two main tributaries of Yu Gia- Thu Bon river basin, behind the

Automated procedure of real-time flood forecasting in Vu
Gia - Thu Bon river basin, Vietnam by integrating SWAT
and HEC-RAS models

Nguyen Kim Loi, Nguyen Duy Liem, Le Hoang Tu, Nguyen Thi Hong,

Cao Duy Truong, Vo Ngoc Quynh Tram, Tran Thong Nhat, Tran Ngoc Anh
and Jaehak Jeong

ABSTRACT

The precise and reliable simulation of hydrologic and hydraulic processes is important for efficient
flood forecasting and warning. The study proposes a real-time flood forecasting system which
integrates a coupled hydrological-hydraulic modeling system, weather station network, and stream
gauges in a web-based visualization environment. An automated procedure was developed for
linking dynamically terrestrial rainfall-runoff processes and river hydraulics by coupling the SWAT
hydrological mode! and the HEC-RAS hydraulic model. The flood forecasting system was trialed in
the Vu Gia- Thu Bon river basin, Quang Nam province, Vietnam. The results showed good statistical
correlation between predicted and measured stream flow for a 10-year calibration period (R2 = 0.95,
NSI'=0.95, PBIAS
NSI=0.93, PBIAS = 6.18). A close-up analysis of individual storm events indicated that the magnitude
and timing of peak floods were accurately predicted in 2015 (R2=0.88, NS/ = 0.69, PBIAS = 4.50) and
2016 (R2=0.80, NS/ =0.93, PBIAS = 6.18). In addition, the automated procedure was demonstrated

= -1.54) and during the following 10-year validation period as well (2 =0.93,

dams for water discharge calibration and the others were located on downstream for water stage calibration. The resulis of the study

provided a scientific approach can be applied to optimizing the meteo-hydrological station network over the river hasin,

Keywords— meteorological; metes-hydrologieal; river hasin; GIS
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to be reliable with dependable computational efficiency of less than 5 minutes processing time.
Key words | flood forecasting, flood warning system, HEC-RAS, SWAT, Vu Gia - Thu Bon river basin
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