Enabling Delta Life

9

Modellering van getij op de Noordzee
vertikale referentie

Martin Verlaan,
Firmijn Zijl,
Julius Sumihar
Cornelis Slobbe

6 Feb 2014 NCG




* Introduction
® Observations & harmonic analysis
® Numerical models
®* Reference surfaces

* MDT and LAT

* More accurate model DCSMv6

* Challenges & future work
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Tides In North Sea
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Hoek van Holland
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Tides Hoek van Holland ,M2,52,M4,N2,01,MS4,A0,5A,MU2,K1,2MN2, MN4, K2, NU2,M6,Q1,2MS6,MK4,P1,3MS8
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3-0 Grid on the Coastal Ocean
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Conservation of mass

Inflow Level rise

AtH (u(x)—u(x+Ax))A y=AhAxAy

Ah H(u(x+Ax)-u(x)

=0
At A Xx

8h+8Hu+8Hv_0
ot o6x Oy

Note: non-linearity
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Conservation of momentum in x-direction

ou_ ah_fv+cu+a¢'_0

ot 9 ox H ox

Ma=F
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acceleration
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Tidal potential
Friction

Coriolis 'force’

Surface slope
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Ap=pgAh

Surface slope

p=py+pg(z—h)
F=pgH(h(x+Ax)—h(x))
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Gravity potential

Ocean surface

— F=—V dm

h=0.6 earth tide
k=0.3 change in earth's potential
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| Benchmark

Permanent tide gauge

Temporary tide gauge

Source: citg.tudelft.nl
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Gravity perpendicular to geoid
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Source: ches
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Mean Dynamic Topography (m
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Source: Slobbe et. al. 2012
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Slobbe et. al. 2013 veltares
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Northing []

Calibration of tides

Amplitude for constituent: M2 (RMSE = 6.5 cm)
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Calibration of tides

MNorthing [*]

* More than 100 tide gages used
* Around 100 parameters for friction and 100 parameters for depth

. EfflClent datlmlzatlon methods with restarting and parallel
compu In

OpenDA

fwww.openda.org
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RMSE tides

Before calibration 6.6
After calibration 3.7
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Surge before calibration
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0.7 11.7
6.9 7.8

WESTKPLE Tr entries
HHEHH 247
2 i
188
]'5- T
Hat
b 124
1 iR
g b d82
05k H
L 410
ok H
1
0.5 0 05 1 15 2
model

- y=0.988+0.001, ' y=0.988 p=0875

Surge after calibration
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RMSE water level (cm)

DCSMv5

RMSE tide (cm RMSE surge (cm)
DCSMv6 | (%) | DCSMv5 | DCSMv6 | (%)

DCSMv5 | DCSMV6 | (%)
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2007

pscmve| e e

datum zonder met
WICK 6.4 8.6 8.0
ABDN 4.9 1.6 8.9
NORTHSS 6.1 9.2 9.9
LOWST 3.8 1.8 8.3
SHEERNS 16.9 20.9 13.4
DOVR 7.9 10.1 10.5
CADZD a7 7.8 8.8
VLISSGM 4.1 8.7 9.2
HOEKVHLD 3.8 7.8 B.6
[JMDBTHWVN 3.7 8.1 9.7
EURPFM 4.1 7.4 1.5
HUIBGT 4.2 8.5 10.3
HARLGN 7.0 11.3 12.3
DELFZL 11.8 17.8 14.6
gemiddelde 6.3 10.1 10.0
RMS 7.3 10.9 10.2

L4

2007

DCSMV6| ruse RMSE
+ZUNQ | e

datum zonder met
WICK 5.8 8.6 9.3
ABDN 5.3 a.7 10.8
NORTHSS 5.3 9.6 12.1
LOWST 3.7 8.4 8.9
SHEERNS 7.4 12.8 14.0
DOVR 4.8 8.1 11.0
CADZID 3.2 8.2 10.1
VLISSGN 3.2 8.5 10.4
HOEKVHLD 3.4 1.7 9.5
[JMDETHVN 3.3 8.1 10.3
EURPFM 2.9 7.1 8.5
HUIBGT 4.4 8.8 10.7
HARLGN 3.9 8.1 11.2
DELFZL 4.6 10.4 13.4
gemiddelde 4.4 8.8 10.8
RMS 4.5 8.9 10.9




Kalman filter for DCSMv6

NORTHCMRT CADZD HUIBGT
WICK WESTKPFLE NEWLN
ABDN EURPFM NEWHWVN
LEITH BROUWHVSGTOB DOVR
MORTHSS LICHTELGRE VLISSGN
WHITBY HOEKWVHLD ROOMPBTN
CROMRE SCHEVNGN DENHDR
LOWST IJMDBETHVN oubDsD
Oostende K13APFM VLIELHVN
Westhinder TERSLNZE EEMSHVN
Zeebrugge WIERMGDN
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Forecast accuracy DCSMv6 @ without Kalman filter
(at selection of 13 Dutch coastal stations) B with Kalman filter
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J at coast Netherlands

Validation stations: all
% \Q
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Assimilating nearby stations gives immediate impact on the forecast
accuracy.
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Northing [°]
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Assimilating further away (upstream) stations improves the accuracy of

"I longer forecast lead times.
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* Dissipation by internal tides
e Self Attraction and Loading

* Open boundary B

barotropic lunar forcing

Internal

response

Latitude [deg]
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