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The most recent release of a global empirical ocean tide model is EOT11a, which 
is derived from satellite altimetry:

¡development by residual tide analysis
¡application of harmonic analysis method
¡background model FES2004
¡validation with independent data (tide

gauges, bottom pressure sensors, etc.) 
shows improvements w.r.t FES2004

¡over deep ocean differences exhibit 
magnitudes of several centimetres (Fig.1)

¡in shallow water regions improvements 
are in the range of decimetres (Fig. 2)

Following tides are solved:

¡long-periodic:     M , Mm f

¡diurnal:               Q , O , P , K , S1 1 1 1 1

¡semi-diurnal:      2N , N , M , S , K2 2 2 2 2

¡quarter-diurnal:  M4

The model EOT11a is in a 
further step complemented 
by six long periodic waves W, 1

W, S , S , M , M  from the 2 a sa tm sqm

model FES2004 or computed 
f r o m  t h e  H W 9 5  T i d e  
Generating Potential (TGP) 
catalogue. 

The influence of ocean tides on the Earth’s gravity Field 
using the model EOT11a

Introduction

Summary
¡The altimetric model EOT11a shows 

substantial improvements w.r.t FES2004.
¡A combination of altimetry and GRACE can 

complement each other.
¡Additional tidal signals of minor tides can be 

derived from major tides by interpolation 
techniques.
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The  Earth’s gravity field is significantly influenced by mass redistributions caused by ocean tides. For the separation of these tidal effects from the gravity signals, as 
measured for instance by the satellite missions GRACE and GOCE, highly accurate ocean tide models are necessary. In this poster the generation of such a model is 
presented using the global ocean tide model EOT11a.  Additionally, its impact and some aspects relevant in satellite geodesy are outlined.

The EOT11a ocean tide model
Satellite altimetry Impact of EOT11a

The most recent release of a series of global empirical ocean tide models is A global prediction of tidal heights 
EOT11a, which is derived from satellite altimetry: from all tidal constituents included in 

the model EOT11a at a distinct 
¡Development by residual tide analysis reference epoch on 2008/01/01 at 

using FES2004 as background model. midnight is illustrated in Fig. 3. The 
¡Application of harmonic analysis method. tidal heigths are in the range from 
¡Validation with independent data (tide minimum -280 cm to maximum +160 

gauges, bottom pressure sensors, etc.) cm.
shows improvements w.r.t FES2004.

¡Over deep ocean, differences can amount 
up to several centimetres (Fig.1).

¡In shallow water regions, improvements Satellite gravimetry
are in the range of decimetres (Fig. 2).

Further empirical improvements to an ocean tide model can be derived from the 
Following tides are solved: satellite gravity mission GRACE: 
¡long-periodic:     M , Mm f

¡ GRACE enables the computation of time-variable gravity fields (daily).¡diurnal:               Q , O , P , K , S1 1 1 1 1

¡Joint estimation of major tides Q , O , P , K , N , M  S (Fig. 4).¡semi-diurnal:      2N , N , M , S , K 1 1 1 1 2 2, 2 2 2 2 2 2

¡Limitations due to aliasing (Fig. 5)¡quarter-diurnal:  M4

In a further step, the model 
EOT11a is  complemented by 
six long periodic waves W, 1

W, S , S , M , M  from the 2 a sa tm sqm

model FES2004 or computed 
f r o m  t h e  H W 9 5  T i d e  
Generating Potential (TGP) 
catalogue. 

Fig. 1. Amplitudes of differences between distinct 
tides of EOT11a and FES2004 over deep ocean.

Fig. 2. Amplitudes of differences between distinct tides of EOT11a and 
FES2004 in shallow water regions in the Yellow Sea (top) and North-
West European shelf (bottom).

Fig. 3. Tidal heights in [cm] from EOT11a on 2008/01/01

Fig. 6. Combination strategy for GRACE and altimetry data.

Combination of altimetry and gravimetry data
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Altimetry can resolve small scale ocean tide patterns (e.g. 
Fig.1 and Fig. 2).
GRACE can observe long-wavelength constituents with a 
spatial resolution of several hundreds of kilometres with 
high accuracy.
By consistent combination, benefits of both, altimetry and 
GRACE, can be exploited to generate a combined model 
EOT11ag (Fig. 6).
The joint estimation uses the Variance Component 
Estimation (VCE) approach to optimally weight the 
individual data sets.
The additional large scale contributions of GRACE are 
illustrated in Fig. 7.

Fig. 9. Residual tidal heights from interpolated minor tides. a) TGP 
-2 -3amplitude threshold H =1x10  m²/s² (24 tides); b) expansion to H =1x10  thr thr

-4 -4m²/s² (118 tides); c) H =2x10  m²/s² (238 tides); d) H =1x10  m²/s² (331 tides); thr thr

illustrated as water heights in [cm] at time 00:00:00 on 2008/01/01.

a) b)

c) d)

¡Only major tides of the tidal frequency spectrum are 
solved in EOT11a (Fig. 8).

¡There exist significant influences of additional minor tide 
constituents, which 
should be considered 
(Fig. 8).

¡An efficient way to 
account for these 
minor tides is the 
method of admittance 
interpolation.

¡The number of minor 
tides to be included is 
empirically identified 
(Fig. 9) 

Fig. 8. Hw95 TGP spectrum of the semi-
diurnal frequency band (red: major tides in 
EOT11a, green: threshold for minor tides 
selection).

Accounting  for additional tidal effects

Fig. 5. GRACE alias periods of different tidal 
constituents. The partial tides can be seperated 
into those with alias periods less than one month 
(left) and those with long-period alias (right).
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Fig. 7. GRACE contribution to combined model EOT11ag for 
M  (top) and K  (bottom).2 1
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Fig. 4. GRACE tidal signal estimation additional to EOT11a 
for M  (top) and K  (bottom).2 1
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