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The problem — Red River Delta (RRD)
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The problem — Red River Delta (RRD)
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latitude (°)

Solving the problem for tidal regime the coastal zone of the RRD
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For this simulation tidal scenario

- data is updated (2014)

B 20°40°55°N

- computed with coordinate curvilinear
system

W 20%08°30°N
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- New version of COHERENS V2.9

- Coupled Hydrodynamical - Ecological Model for Regional and Shelf Seas model to simulation
tidal regime study along the coastline of the Red River estuary.
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- Future
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- Development of a physical-ecological model system for the study of CLImate change and MAnagement of marine Resources in Vietnamese COastal
waters (CLIMARCO) in Cooperation Programme on Science and Technology between VIETNAM AND BELGIUM (2013)



Model COHERENS V2.9

Fluid dynamics is based on: the equations for the conservation of mass, momentum and energy

- The equation system of the three conservation laws - known as the Navier
Stokes equations

:H:: L: :;::;5 Eﬂ E_hm'*dimm initialise MPI
= Desktop Gf_routines.mod
- R cowes T End of File x . .
@ il - _ <Tread title>< ' - Turbulence: as superimposed fluctuations of the flow on
= Ep"“"“ L @ Structure of the physical model the mean or averaged fIOW
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= [ Download o
i ;FileSystEm ™ B h Coevem Programeo 'n't'ahlmedel o . . .
H 3 | e P i - Vertical travel of acoustic waves is filtered out from the
== [ [£) o e e vertical momentum equations (hydrostatic model)
B i |= | advection Termza |=| corector_Termsa = da'lra I meteorological o . . .
E t P Inm ' ——— "'*:" Arakawa C grid for space discretization
. Allocate Sediment_Arrays.o couplingvars.o : i . . .
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= y i r y densi .
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n:hstk_biol:gy.m:»d h dartypes_init.o InSta"—tESt

e ens Mam | install_utils

h check_model.o ndatatypes_init.nbd |
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open source model for coastal and shelf seas, estuaries, ect, development by researchers at RBINS in collaboration with worldwide scientists

p.luyten@mumm.ac.be, k.baetens@mumm.ac.be



Model COHERENS V2.9

The equation system of the three conservation laws - known as the Navier-Stokes equations

Turbulence can be regarded as superimposed fluctuations of the flow on the mean or averaged flow

The vertical travel of acoustic waves is filtered out from the vertical momentum equations (i.o.w. it is a hydrostatic model)
COHERENS uses the well known Arakawa C grid for space discretization

COHERENS is based on the popular finite difference method. This method is based on the Taylor expansion and on the
straightforward application of the definition of the derivatives

The text in blue denotes folders, the one in green are executable programs and the black text denotes a text file.

The program consists of several file directories, some executable files and the file that contains the license under which
COHERENS operates.

The file directory code contains the Fortran files and the files necessary to compile the code. The files that execute
COHERENS are store in scr.

The directory setups contains a number of test cases that demonstrate how to implement several features (a river, salinity,
temperature, ...)

The directory data contains the data files necessary to run the test files.
Install_test is an executable file that links the working directory with the program.

The directory Utils and the executable install_utils are used in the official developing circuit of the code and are of no
interes to the external user



Model COHERENS V2.9

-> Install_test

Executable file to install COHERENS in your working directory or to install a predefined test case.

Executing this file does two things.

It creates the symbolic links needed to operate the program from your working directory. The links are referring to the
fortran code (SOURCE, BSOURCE and SSOURCE), to compilation directories (COMPS, BCOMPS and SCOMPS) and to the
program executable files (SCR).

It copies the executable files (Makefile, Run,Run_hpd_par,Run_hpd_ser andRun_vic) and the file used to define the
compilation details (coherensflags.cmp) to the local working directory.

-> Code

This directory contains the following subdirectory trees:

biology physics sediment

You see that all these directories contain a COMPS and a SOURCE sub directory.

The comps directory contains:

coherensflags.cmpdependencies.cmpobjects_bio.cmp

compilers.cmpdependencies_sed.cmpobjects.cmp

dependencies_bio.cmpMakefileobjects _sed.cmp



Multi-grid scheme in COHERENS

Multi-grid scheme
- algorithm for solving differential equations with a heirarchy of discretizations

Explicit time stepping B - B B 6o

- slow

- cfl condition (to keep the error buonded)
Imlpicit time stepping

- unconditionally stable

nprocs = 4
! ---mumber of processes in X-direction
2 ]

- large time steps can be handled

nprocsx = @

! ---mumber of proceszes in ¥-direction
nprocsy = @

IF

Using a multi-grid implicit scheme

!---grid dimension (1/2/3)
iopt_grid_nodim = 213

Change in CONHERENS with switch: iopt_hydro_impt

- 0: explicit time discretization (more splitting techique)

!---dimension of bottom stress formulation

i s_nodim = MERGE(Z,3,iopt_grid_nodim.£Q.2)
ation for bottom drag coefficient
iopt_bstres_drag = 3

- 1. implicit time discretization with multi-grid scheme

advection scheme for 2-D currents (e/1/2/374)
ady 2D = 3
advection scheme for 3-D currents (B/1/2/3r4)
pt_adv_30 = 3
] (] °
Scenario simulations B =t

- TabWidth: 8

Stephanie Ponsar and Patrick Luyten (MUSEUM)

Ln221,Col 1 INS



Multi-grid scheme in COHERENS

-> Using a multi-grid implicit scheme

It solves an equation involving both the current state of the system and the later one
It better than explicit scheme (the state of the system at a later time computed from the system state at the current time)
Time step 20 sec (explicit) , 300 sec (multigrid)

What you wish: o
o To St}_lve T(u)=f s o HOW dO€s @ multi-grid scheme work
o Solution: u

Error: e, =u,-u

Residual: r,, =T, (u.)—f

Error CFL (Courant Friedrichs Lewy condition)

o high frequencies: removed in a few iterations
o low frequencies: reduced very slowly

o multi-grid idea: to change to a coarser grid where low
frequencies act like higher frequencies

* Three stages: + Algorithm:
o Arestriction matrix: transfers vectors from the fine grid to the o Solve T, (u,) = f, on the fine grid
coarse grid o Compute residual on the fine grid: r,, = T, (u,,) =,
o lteration methods: on the coarser grid o Restrict the residual from the fine grid to the coarse grid
o A prolongation (interpolation) matrix: to return from the coarse to o Cycle y times (iteration) to minimize the residual on the coarse

the fine grid: grid
o Fine-coarse-fine loop: cycle

Fine grid
Restrlctur\ """"""""" Prolongation

Coarse grid

O

Apply the coarse grid correction
o Prolongate from the coarse grid to the fine grid



Setup modelling - Coastline and Bathymetry

Preparing source data

- Topography map (1 : 50000) - near coast & General Bathymetric Chart of the Ocean — offshore GEBCO -1/8

106*31'20"E

FERRET var. 6.95

Using methods Usrdef_Model.f90 - User defined model setup oo A i
... / SUBROUTINE usrdef_mod_params

DATA SET: Halong_1.tsout2

Time series data: Halong

... / SUBROUTINE usrdef_grid i
Ferret graphic (Linux)
21.00 —
§ 20.80
2
5
g
3 20.60 —
- - 20.40 —
; Type output wﬁl.so 107.00 107.20 107.40 107.60
, ‘\ / . . LON/2+DEPQUT/DEPOUT
e - Curvilinear grid, 10-1800 m Mean water depth (m)

- With 607x502 grid cells and bathymetry file



Setup modelling - Wind data

Parameters
- wind velocity, measured interval: frequency 6 hours/obs

- data time: dry season — December and wet season — July

Time series data: Halong

21.00 —

A ' 18% .
: i fﬁ — 20.80 —|
'wssf-_ R — EAST

[ =111 20,60 —

. SOUTH

20.40 —

I [ | | | | |
106.80 107.00 107.2Q 107.40 107.60

Source: Measured by Vietnam National Hydro-meteorological Service

Dry season / during the winter monsoon, the wind blows from the northeast generating a southward, southwest flow, the average
speed 5m/s (sometimes appear wind speed with value 9m/s)

Compared with winter, during summer monsoon, reverse current direction, the average speed 4m/s (8m/s)



Setup modelling — Tide data

Forcing for sea boundary : the open sea boundaries condition include effect of 11 tidal constituents

From on FES2004 database of LEGOS

Laboratoire d'Etude en Géophysique et
Océanographie Spatiales - offshore

Tidal harmonic constant of
M2, S2, K1, K2

N2, 2N2, 01, Q1, P1

Mf, Mm

(K1, 01, M2, S2)

From observed data:

Sea level (analyzed) near shore by
Vietnam National Hydro meteorological
Service

Hon Dau station:

frequency 1h/obs for dry and wet season
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e.
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e.
e.
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vork halong-07-2014/DATA) - gedit

2B0118
2BB6233103
2BB12BEZET
ZBT633931
2BT130241:
2BEEA4551T
2BE140B621
2B56551724
2B51664B28
ZB46E5TO31
2B417116834
ZBI6TE413E
2831617241
2B26ETE345
2BZ1023448
2B160T6552
2B12620655
2ZBETEEZTS0
2BBZ135862
2TOTIBEOEE
2TOIZATOED
2TBT205172
2TEZ34BITE
TTT4613T0
2TT2454483
2TETSATSEE
276256060
2757613703
2TSZ666E0T
274772
27385072
TIOF044
2TTOBB16
2T18B6BE
271656
26024432
26832304

26167408
2680528

25B1BB06
25726768
2563464

25542512
25450364
25358256
25266128

24054112
24844168
24734774
2462428

24514336
24484307
24704445
24184584
2467456

23064616
23B546T2
23744728

25174 ©.670T566
256H

©.8083445
9.0002087276
8. 6008560552
8.8B00131828
B.8B0T604103
B.6B062563T0
6. 0B04B1B655
B8.8603388031
©.8601043267
9. 0E00585483
8.BBE0BETTSO
©.8BETE30034
©.8BB6107231
B.BBB4T54586
6.0BB3316B62
©.8BB1ETO138
0888441414
9.8ET0D8360
B.BBTTS65066
©.8B76126241
B.BBT4608517
B.8B73252703
6.0BT1B15060
B.8B7O3TT345
©.0B6B03IDEZ1
©.8B6TSE1E0T
B.8B6E0E41T2
. BBE4EZEHE
©.6B631B6T24
B8.8B61751
B.0E501836
B.88566162
©.BB5404B8
©.0B514814
8.6846014

. 0B463466
B.88437702

©.88335606
©.06300422
©.6BZB3T4E
©.8BZ5607T4
B.882324
B.8B206726
6.0B8161852
B.8B155378
©.868120784
B.0E18483
©.6B8TRI5E
©.86852662
©.6802T00E
B8.88081334

B.67T0408132
870230664
©.6TEOB1106
B.6TET22728
B.6TB46426

B.678205702
8.877047324
B.87T6BBESE
B.677430368
8.67717192

9.67T6013452
. 6TEE54084
B.87T6306516

number of open sea boundaries: 200
number of tidal constituents: 11

8.40024

|| Usrdef_Time_SeriesfSD X

| rrd_sphere_uncuttek X

©.51537 8.9377750

ER-RE BN RS- N-N-B-N N N N N N E-RCN R RN

CEELLE]

271379

EE42750

| ] Usrdef_Modelfon X

zetobv_pha

3
4
5
&
K4
B
o

b

1
1

1
1

b

1
1

8.8377T103655

©.834404

8.8376626,

= s =~ 9 B0 R 9 00 60 60 60 09 60 6P 00 6O G0 69 60 09 60 6P 00 6O G0 69 00 60 08 9 00 60 00 60 00 60 00 10 0 10 0 0 e
I ot b e @

0. 0344608724
344441448

L

©.09063433

|| Usrdef_Time_SeriesfSD

159  B6.752 0Z.677 T72.073

57031834
Z5B6ZOE0
ES3703103
BE61724138
B420655172
B10TSE62ET
ODES51T241
OTI344B2T6
050137031

0260318345
DaITZ413T0

B5T3103448
B341834483
B10BDES51T
TBTEEDR552
TEHEZTSEE
T412758621
T1BOEERESS
E4BEZEED
ET16551724
E4B44EZTS0
EZ52413703
6620344628
STEEZTSBEZ
5556206807
5324137931
SERIEEEDEE

B6.131
447 B6.12
B6.180
B6.808
B6.BBT
B6.876
B6.BES
B6.854
BE.B43

B5.033
B5.022
85.011
B5.0

B5.BBO
B5.ETE
B5.867
B5.B56

B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
BE.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
B6.
BE.
B6.
B6.

B5.BE344
B5.01688
B5.03832
B5.06576
B5.003Z BT.
B6.82064
B6.B4508
B6.07552
B6. 18206
B6.1384 B6.
B6.15784
B6.1B528
B6.21272

E2BEE2233528888

rrd_tides_sphrdat X

©.0806232517  ©.5B40016552
©.8006121734  ©.5846333183

©.58517 @. 9.113446
8.1735662414
8.1735104628

9. 09620634
©9.1134138276
1133816552

08445387
©.00626T2ETE
8.0062082352

9. 0844544355
. 694455081

| ] rrd_sphere_uncuttek X || rrd tides sphrdat X

358.23B 1.335 2B.184 62.045 12.205 34.068 21.756
7305862060 02.01010344B3  T72.D6DBE2OE0 358.2327241370 3271934483 2B.054BOES51T  62.BDDEZOEEDT 2469137031 340620344828 21.7531034483
TE01724138 01.061206B066  72.B667241370  35B.22744B2750 10206E066 28.00570316834 6£2.B362413703  12.107B275B62  34.D056BEBDESS  21.7508206B066
EBTTSBE26T erdeF Mode ow nloadsfworkfhalong- = i ModelFs0 (~/Downloads/w
GEEIA4EITE UsrdeF ModelF30 [~/Downloadsfworkfhaleng. 014) - gedit ode o )
6440310345
6235172414 . F’ 0 5 = . F’
6021934483
SBBEBDES52 T
GEOZTSEE2Z1 |_‘| Usrdef_ModelFO0 X sl Usrdef_Model FoD X
537TEE2E0 e
5164487750 procname(pglev+l) = 'usrdef 2dobc_spec’ !delt?d = MERGE(@.3,308.8,10pt_hydro_impl.EQ.8)
4050344828 CALL log_timer_in()
ﬂggﬁgg’ggg £ {---counter for 3-D mode
4387031034 E!. Type of conditions ic3d = MERLE(1,1,1opt_hydro_impl.EQ.1.0R.1lopt_grid_nodim.EQ.2)
4803703163 ! .
TOEEE ! !
gggggi?iﬁ ES. Physical model constants
345137031 x B S S o)
3237241370 !---type of boundary conditions L an )
3023103448 !ityp2dobu{1:nosbu) = 12!; ityp2dobu(nosbu+i:nobu) = 4 !---grid dimensions
2ZEOBDES5LT itypadobv(i:nosbv) = 12!; ityp2dobw({nosbv+i:nobv) = 4 nc = 67+1; nl'l_=1504-‘-l
2504527586 ey !iloczobu = 2; - B R ——.
ZIBOEE0ESS iloczoby = 2 nz = MERGE(1,3,1iopt_grid_nodim.EQ.2)
%EBBS?—.?H b { 5 {---number of open sea boundaries
e B W nosbu = 556!; nosbv =
§§é43¥93é2 = ! Gl 1 nuer of open river boundarie
£ 7 I gl i
20164 Ll !---read data tnrvbu = 6; nrvbv = 4
1B468 B open_file(iunit, 'DATA/rrd_tides sphr.dat','IN','A") = i i ey :
L---mumber of tidal constituents
arriz 11
07016 Ll resn (iumit,®) () nconobe = 11113
BE12 72,0804 print *, 'hello’
75624 bl 0o i1, ostn bl |- -cepth flag
54028 [ ] READ (iunit,*) duwyl, duwwy2, zdatobv_amp(i,1), zdatobv_amp(i,2), zdatobv_amp(i,3), zdatobv_amp(i,4),& | | depmean_flag = -099.990
54732 = & zdatobv_amp(i,5), zdatobv_amp(i,6), zdatobv_amp(i,7), zdatobv_amp(i,B), & = i
43536 & zdatobv_amp(1,9), zdatobv_amp(i,18), zdatobv_amp(i,11)!, duwmy3, dummyd!, zdatobu amp(i,12), & faell !---uniforn bottom roughness length
1284 72.1068 | ! & zdatobu_amp(i,13) | zrough cst = 8.8835
1 END DO
i Ll rean (iunit, ) Ll | rultigrid parameters
oa752 - f 0o i=t,nosl [T ronglevels = 4!MERGE(4,3,iopt MPI.EQ.8)
00056 READ (iunit,*) dummyl, dummyZ, zdatobv_pha(i,1), zdatobv_pha(i,2), zdatobv_pha(i,), zdatobv_pha(i,4),& - mg_tol = 1.8E-84
L7036 72,3042 | & zdatobv_pha(i,5), zdatobw_pha(i,6), zdatobw_pha(i,7), zdatobv_pha(i,B), & ur_smooth = 8.8
EBEES B & zdatobv_pha{i,9), zdatobv_pha(i,18), zdatobv_phal 1!, dumy3, dummyd!, zdatobu pha(i,12), & B
STORE = ! & zdatobu_pha(i,13) = bt
|l e DO mlll ! ---tidal indices
;Zé;é ™ el irdex_obc(l) = icon M2
‘3sEE 72.411c Jl CALL close_file(iunit,'A') =~ @ma_ogcgg = icon_52
15184 - el index obcll) =
B44EE Fil |---corvert to appropriate units T _Lndex_obl:(l‘!] =
03702 zdatobv_pha = degtorad*zdatoby_pha 8 _Lﬁx_ogzgg; =
" il index_obc(s) =
B3806 - il index_
1 index_obc(7) =
724 72.519 b 5 i)
BT 559-2 l’ CALL log_timer_out() l’ index_obc(B) =
e . * index_abc(o) =
87.40424 L [ tm:_zbc(‘
e il e E ;L;mea:obgg‘&n
1406 72.7074 R S |index ol
87.03472 [ 9001 FORMAT (5BBES1S.T) B 1index_obc(13)
B6. 01084 .
56,0049 Rl 10 Fnseoel e spec Ll 6. ool 10 file properties

SUBROUTINE usrdef_profobc_spec{iddesc,itypobux,itypobvy,iprofobux,iprofobvy &
& iprofrix,noprofed, indexprof, indexvar novars &
& nofiles,nobux, nobwy)

*usrdef_profobc_spec* Define specifier arrays for open boundary conditions
Buthor - Patrick Luyten

modfiles(io_Zuvobc
modfiles(io_2uvobc

Version - @(COHERENS)Usrdef Model.fDB V2.7

Wfilename =

DATA/rrd_tides_sphr.dat’

Description - ;

16.2 Output

Reference -|

Include : amplitude, phase

Ln 629, Col 14

INS



Setup modelling — River data

River discharges for 9 rivers mouth

106%31'20"E 107°20°42"E

u Halongrunlog u riverIBDEC_1dat 3 |_|" rrd_rivers_newloc 3 |_"| Usrdef_Model F00 3

aamesanesean - The river boundaries condition are measured water discharge

READ( iuni

nrvbusnrvby
0B82) node, ipos, jpos
EN

-] wal = wval + 1 Ew. _ nloads/ fDATA) - gedit
" iobu(nosburuval) = ipos =
ELSE %gb?(rmtd:?;lf‘:a}% —%'ijos F river18DEC_1.dat g-riverfDATA] - gedit
wval = vval + 1 = -1 [+] < g
L] i_ol;:Enosl;rwaB =pas y | | ] red rivers e 7. : -
kel nosSDV+HVVaE = 5 | T e TR e L T L s T L A N e e e e T, » "
o - 20%40°353"N
B print *, 'cho, een river issue' [ ] Hatongruniog 3¢ | | ] river1BDEC_1dat X
E END IF
ENDDO ii_328 N=BTER
Bl caLL cloze File(iunitl,'s’) 1 : o e R MRt 2 a 2 a
-182.3B73098080 -182.3873000000 -182.3B73008000 -182.3873000000 -182.3873000000 -182. 3873000000 -182.3B73000000 -182. 3873000000 -182.38734
= 5 6.5 6.5 6.5 8.5 6.5 6.5 8.5 6.5 6.5 8.5 6.5 6.5 8.5 6.5 6.5 6.5 6.5 €.
] 1 5 vy £
B Ll close filepars(modfiles(io modgrd,1,1)) -122.875 -122.675 -141.35 -141,35 -05.58 -05.58 -07.146 -07.146 -30.78 -36.7B -204.6040000000 -204.6040000000 -264.60404 TRA'L Lf)) {
= 5 6.5 6.5 6.5 8.5 6.5 6.5 8.5 6.5 6.5 8.5 6.5 6.5 8.5 6.5 6.5 0.5 6.5 €. 5 A . ) ~
| W caLL log_timer_out() 1 3 9.975 N
.075  -1B7.55 -1B7.55 -296.475 -296.475 -391.3325 -391.3325 -05.475 -05.475 -226.0650000001 -226.D650080001 -226.06509 f u
= 5 €.5 €.5 6.5 8.5 0.5 6.5 8.5 €.5 6.5 8.5 e.5 6.5 8.5 €.5 6.5 0.5 6.5 €. | i
| RETURN -] : . == .
: -173.375 -173.375 -200.75 -200.75 -441.615 -441.615 -448.B505 -448.B505 -142.215 -142.215 Season OI 4
L2l o001 FommaT (ES15.7,1X,ES15.7,1%,E515.7,1%, Esis |7, 1%, Es15.7) a 5 .5 .5 .5 .5 .5 .5 a.5 a.5 .5 .5 @.5 .5 .5 .5 @.5 a.5 @.5 a. ¥ § f 878 Vi
[ 5992 FORMAT (11K,A,3K,14,14) ] 1 4 / i
: -44.BBTS -44,BBTS -264.85 -284.85 -494.715 -494.715 -562.8205 -562.8205 -150.315 -150.315 i
Ll enp suBROUTINE usrdef_grid 5 2.5 8.5 6.5 8.5 8.5 6.5 8.5 8.5 6.5 8.5 8.5 6.5 8.5 8.5 8.5 6.5 8.5 6. J
= |
= -16B.15 -16B.15 -104.7 -104.7 -435.42 -435.42 -442.554 -442,554 -140.22 -148.22 -215.966181B182 -215.0661818182 -215.96614 ! 20908'30"
™ 5 €.5 e.5 6.5 8.5 €.5 5 85 €.5 .5 8.5 €.5 .5 8.5 €.5 e.5 e.5 e.5 €. 20%8°'30"N

EEREEE S

8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5

5
135, 1648000001

S8 SUBRDUTINE usrdef partition 1 i
I -BB.1125 -BB.1125 -165 -165 -213.285 -213.285 -216.7795 -216.7795 -6B.685 -6B.6B5 -163.1003g |
M 5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 :
B | *usrdef_partition* Define domain decompositiod 1 ] -126.35 -126.35 -146.3 -146.3 @ ] ] ] ] H
- N -67.1 -67.1 -67.1 -67.1 -67.1 -67.1 -67.1 -67.1 -67.133580) |
il | Author - Patrick Luyten 1.26308 21.26308 21.26308 -D6.15 -06.15 -450.725 -450.725 a.5 a.5 a.5 a.5 a.5 a.5 Q. !
' 5 8.5 8.5 8.5 8.5 8.5 i
LB | Version - @(COMERENS)Usrdef Model.f00 V2.0 . 1 2 -125.4 -175.4 -46.2 -46.2 153,105 153,105 155.6135 155.6135 40,305 40,305 158602272727  15.BA0Z |
t ' %) BachDang18 5.B602272727  15.B602272727  15.B602272727  15.B602272727  15.BEE2272727 £0.35134 B0.35134 BD.35134 B0.35134 :
| Description - B ¢ chDangll s ®5 ®©5 @5 ©5 ®©5 @5 €5 ©5 85 65 e5 85 65 65 65 85 8.5 -
- o 1 h1:] B4.675 B4.@75 O7.35 O7.35 266.3B5 266.3B5 270.7405 278.7405 B5.7BS B5.7BS 183.5515080801 163 §51508 '
B | Reference - 3.5515080801 1035515080801 163.5515080801 103.5515080001 103.5515000601 20E.13418 268, 13418 268,134 268, 13418 2 : Image,©20110igita
! 5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 | Image ©2011C
LAB | Calling progran - domain_decomposition 1 1 -62.7 -62.7 212.3 212,347,085 407,085 414,605 414, 6605 131,385 131,385 11B,713181B162 11B.T i :
! . 18.7131B1B182 11B.T13181B1B7 118.7131B1BiB2 11B.7131B1B1B? 11B.T131B1B1BZ 22B.6714 228.6714 218.6714 BA8R 19 m N eldv
I
'

a.
2IB.6714
a.

u

NN RN RN NN AR - - - NN AT - N ¥ P~ E =~ -]

1 12 267,575 207.575 240,35 240,35 408,255 40B.255 506.4185 506, 4185 166,455 5 1 135, 164606
35. 1 135. 1 135. 1 135. 1 135. 1 250.8738 250.8738 BT3B 250.8738 25
IMPLICTT HONE 5 ©5 65 5 65 65 5 65 65 65 65 65 65 65 65 6.5 8.5 ;
1 13 50,6125 50,6125 24B.6 24B.6 511,53 511.53 510,011 510,011 164.73 164,73 151.405 151,405 151,405 151.405 151.405 15.
3 73.6762 273.6762 273.6762 138.15 138.15 672.725 672.7256.5 .5 €5 6.5 6.5 65 85 8.5 65 8.5 8.5 @5 @85 8.5 65 6.5 8.5
RETURN Cualuc?z 5 685 85 85
Cualucii 1 14 237.5 237.5 275 275 573,48 573.48 5E2.B75 5B2.876 1B4.68 1B4.68 160, 160. 160. 160, 160, 160, 160,
END SUBROUTTHE usrdef partition Cualuc3? £9. 160, 160, 160, 207.1288 207.1288 207.1288 207.1288 2071288 160.5 160.5 £24.25 B24.25 ©.5 6.5 ©.5 8.5 6.5 6.5
Cualuc3d 5 @85 €5 65 65 65 65 65 65 65 65 65 6.5 6.5 65 6.5
| o Ciolucas 1 15 178,25 128.25 270.85 270.85 570.675 ST0.675 5EO.1725 580.1725 1B6.675 186,675 165.1546000001 165.1548080901 165.1548090¢ . e o
Cualuc3d 65. 165, 165, 165, 165, 01,5782 01,5782 01,5782 201.5782 01,5782 100, I ocat I o n of O e n bo u n d a r I
SUBROUTINE usrdef phsics R Colucas 5 @85 €5 o5 65 65 o5 5 65 65 65 65 65 6.5 6.5 6.5 6.5 6.5 ’
! Al Cualucal 1 218.5 21B.5 253 253 554,805 554.805 563.0B65 563.0B65 178,605 178,605 155.5027272727 155.5027272727 155.50272721
| " 55.5027272727 155.5027272727 155.5027272727 155.5027272727 155.5027272727 27B.6268 278.6268 278.6268 27E. 6268 278.6268 01
|t *usrdef_phsics* Define initial conditions for Cualucd3 5 85 85 85 85 85 65 85 85 8.5 8.5 @
\

Cualucdd

=

: : : 8.5 : : 5 85 85 85 85 8.5 ° °
1 7 156.75 156.75 242,55 242.55 515.87 515.87 523.509 523.509 165.57 165.57 141.0336363636 141.0336363636 141.0336363636 141.0336363¢ n u m e r o O e n rlve r o u n a rl es C u v
(0336363636 141.0336363636 141.0336363636 141.0336363636 260.1248 260.1248 260.1248 260.1248 260.1248 10 189 016, ° ) )

S kD D 1 ek b Dk D bk 1 Pl ek G0 b 1t ek D) 1 ek D et D D D ek D DU b D et D0 1 DR D

a.5 a.5 a.5 a.5 a.5 a.5 x a.5 a.5 a. a.5 a.5 a.5 a.5 a.5
1 1B 207.575 207.575 248.35 248,35 511.53 511.53 510.011 519.011 164.73 164.73 1323722727273 132.3T22727273 132.3722727273 132.37227272 °
32.3722727273  132.3722727273 132.3722727273 132.3722727273 247.1734 247.1734 47,1734 M7.1734 47,1734 160.5 160.5 B24. °
SR S Wannna wovan WO U o s type data: discha rge
1 10 165.8625 165.8625 2290 2700 521.765 521,265 520.BASS 520.BA55 167.B65 167.B65S 18B.0500080001 188, O508080E
B8, 188. 188. 188. 188. 188. 214, 73084 214, 73084 214, 23084 214, 73084 214,
5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 a.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 a.5 8.5 8.5 8.5
1 28 101,90 101,09 222.2 222,72 A46.84 446.04 453,348 453.348 143.64 143.64 TB. 2 78, 2 78, 2 78. 2 78. 2 T8, 2 T8, 2
8. 2 TB. 2 TB. 2 TB. 2 173.72046 173. 72046 173. 72046 173. 72046 173. 72046 118.85 118.B5 548,775 548.775 6.5 a.5 a.s a.5 a.s a.5
8.5 8.5 8.5 a.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
1 1 21 156.275 156.275 220.9 0.0 410,40 410,40 476,363 426,363 135.00 135.00 4B.2372TITITI  4B.237FT2T273  4B.232ITITITI 482322727273 4B.2322T2T273  4B.2372T27I73  4B.232ITI7273
A48, 2322TITITI 4B.2322T27TITI 4B.2322T27273  4B.2322727273  133.70108 133.26188 133.268168 133.26188 1313.20168 4.5 4.5 461.75 461.75 0.5 8.5 8.5 8.5 8.5
8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
1 1 prd 1B6.675 1B&6.675 216.15 216.15 3BB.515 3BB.515 394.BBAS 304, BBES 125,115 125.115 ©.5628454545 0. 5620454545 8. 5620454545 0. 5620454545 0. 5620454545 0. 5620454545
8. 5620454545 8. 5620454545 0. 5620454545 8. 5620454545 0. 5620454545 6B.6201 6B.6201 6B.6201 6B.6201 £B.6201 75.75 75.75 371.125 371.125 @.5 8.5 a. 8.5 8.5 8.5 8.5 8.5 8.5
8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 a.5 a.5 a.s a.s
_i 1 23 146, 0625 146.0625 176 176 330.B4 330.B4 345,488 345,408 180.44
PlainText = TabWidth:8 w Ln1,Col 1 INS

* Discharge data in different river is calculated correlation analysis from history data and survey data with short preiod



Results

Field current and zeta in RRD coastal area ol ]

DATA SET: Halong_1.tsout2

Time series data: Halong

The initial simulation results show that along the

" coast the tidal regime is conform to commonly
known rule:
21.00 - - diurnal waves (01, K1) have maximum tidal
amplitude
5 - semi-diurnal waves (M2, S2) have a
3 . .
8 2080 - minimum amplitude
2 - the amplitude of tidal diurnal waves
% o decrease gradually from North to South
o
S s - on the contrary, the tidal semi-diurnal
waves increase from North to South
20,40 ~
| | |
106.80 107.00 107.20 107.40 107.60
unEL . wWveL—= 1,00 LON/2+DEPOUT /DEPOUT

Surface elevation (m)



Future

Continue
- Tide
- Scenarios base on Climate change and Human activities

- Climate change simulation scenarios for modelling area based on the Climate change scenarios for Vietnam of Ministry of
natural resources and environment (2009)

- Focus on: temperature and sea level rise, change of wind and extreme typhoon therefore
Update and use

- Total discharge at the estuary

- Observation data

- Temperature - Salinity data from WOA2009 (World Ocean Atlas 2009)

- Forcing fields, heat and freshwater fluxes, are based on monthly climatology of the COADS -Comprehensive Ocean
Atmosphere Data Set

- Wind forcing is interpolated from climatology of QuikSCAT satellite scatterometer



Thanks for your attention !

Thank to Dr. Katrijn Baetens, Patrick Luyten for guide us about
Training for Hydrodynamics Model in during time December, 2015



