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Motivation

Validation against independent
measurements is required!
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Motivation

ocean
bottom
pressure

Validation against independent
measurements is required!
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Validation against independent
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Preprocessing of in situ data
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour

«107 In situ data from station DART_42407_2006_2008 (15.256 °N, 68.246 °W)
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour

«107 In situ data from station DART_42407_2006_2008 (15.256 °N, 68.246 °W)
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour

ﬁ HELMHOLTZ

|ASSOCIATION

eeeeeeeeeeeeeee



Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends
e changing time step to 1 hour

e stacking time series
from the same station
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour
e stacking time series o I situ data from statlon DART. 42407
from the same station  #&® | '
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour
e stacking time series o I situ data from statlon DART. 42407
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends
e changing time step to 1 hour

e stacking time series
from the same station
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends
e changing time step to 1 hour T_TIDE I:;IATLAB
e stacking time series package for
from the same station acrl,zls;;fsa I[BZC\,TO?,{,TEZ
et al., 2002]
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends !
e changing time step to 1 hour T_TIDE MATLAB
e stacking time series package for
from the same station classical harmonic
ro analysis [Pawlowicz
et al., 2002]
107 In situ data from station DART_42407 (15.256 °N, 68.246 °W)
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends !
e changing time step to 1 hour T_TIDE MATLAB

package for

* stacking time series classical harmonic
from the same station analysis [Pawlowicz
et al., 2002]
107 In situ data from station DART_42407 (15.256 °N, 68.246 °W)
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends

In situ data from station DART_42407 for year 2009 (68.246°W, 15.256°N) v
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends

In situ data from station DART_42407 for year 2009 (68.246°W, 15.256°N)
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends
e changing time step to 1 hour T_TIDE I:;IATLAB
e stacking time series package for
from the same station acrl,zls;;fsa I[BZC\,TO?,{,TEZ
et al., 2002]
GFZ

ﬁ HELMHOLTZ

5 |ASSOCIATION

eeeeeeeeeeeeeee



Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends
e changing time step to 1 hour

e stacking time series
from the same station

e filtering data

removing tidal signal

v

! T_TIDE MATLAB
Butterworth package for
low pass filter classical harmonic
analysis [Pawlowicz
et al., 2002]
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends o filtering data !
e changing time step to 1 hour l T_TIDE MATLAB
+ stacking time series
from the same station ow pass filter— lysis [Pawlowicz
et al., 2002]

3 frequency
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@ Ocean bottom pressure [Pa]

e changing time step to 1 hour
e stacking time series

o
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Preprocessing of in situ data

removing outliers, drifts,

jumps and trends

from the same station

e removing tidal signal

e filtering data

|

Butterworth
low pass filter

N

In situ data from station DART_42407 (15.256 °N, 68.246 °W) for year 2009
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@ Ocean bottom pressure [Pa]

Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends o filtering data !
e changing time step to 1 hour l T_TIDE MATLAB
e stacking time series Butterworth package for
from the same station low pass filter  classical harmonic

analysis [Pawlowicz

O et al., 2002]

In situ data from station DART_42407 (15.256 °N, 68.246 °W) for year 2009
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour

e stacking time series
from the same station

e removing tidal signal
e filtering data J

l T TIDE MATLAB

Butterworth package for
low pass filter classical harmonic

analysis [Pawlowicz
O et al., 2002]

In situ data from station DART_42407 (15.256 °N, 68.246 °W) for year 2009
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Preprocessing of in situ data

e removing outliers, drifts,

jumps and trends
e changing time step to 1 hour

e removing tidal signal

e filtering data

v

T_TIDE MATLAB

|

Butterworth
low pass filter

N

In situ data from station DART_42407 (15.256 °N, 68.246 °W) for year 2009

stacking time series
from the same station

package for
classical harmonic
analysis [Pawlowicz
et al., 2002]
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@ Ocean bottom pressure [Pa]

Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal
jumps and trends o filtering data !
e changing time step to 1 hour or T_TIDE MATLAB
. : : package for
* stacking time series * monthly mean classical harmonic

from the same station analysis [Pawlowicz

et al., 2002]
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Validation of Tellus monthly solutions

CSR
90N . | S| P PRI S | IR | P | | P .
: . : with calendar
60N — —
G et monthly means
9 .
30N (4 'Y n
< “ A (mean over all
o [
0— —_
| T T : days of the
. ;
%8 - o calendar month)
605 ) R
908 r— 1 Tt r - 1T rrrr- T Tt I
180 150W 120W 9OW 60W  30W 0 30E 60E 90E 120E 150E 180
GFZ JPL
90N L L1 P TR BT | R | P - | S| .“ —_ 90N L Lo o1 P TR T | IR | P | | P
| [ | » [
60N — — BON — =
- 0 [ ~ | ® o ° o
30N — [ ] 8(, — 30N — ® ‘ 8‘. -
o o o o‘ L, e o o: i
. L o o oo
308 — ¢ — 308 — o —
| : ® [ ] 5 o |
60S — 3 - 60S — ®e [
908 =T T T T T r—rr o r T 90S 1= T T ror o r o
180 150W 120W 90W 60W  30W 0 30E 60E 90E 120E 150E 180 180 150W 120W 90W 60W 30w 0 30E 60E 90E 120E  150E 180

Relative explained variance [%]

0 10 20 30 40 50

GFZ ﬁHELMHOLTZ

|ASSOCIATION

Helmholtz Centre
PorsbpAam




Validation of Tellus monthly solutions
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Validation of EGSIEM preliminary ocean grids

GRACE solution only for years 2006-2007 = only 16
stations provide sufficient data (12 monthly means) in
that time span

DDK3 Wiener filter
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Summary and outlook
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Summary and outlook

« a database of ~ 100 in situ OBP timeseries is
available for validation of GRACE monthly solutions,
new stations are to be added to cover also recent
years
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« a database of ~ 100 in situ OBP timeseries is
available for validation of GRACE monthly solutions,
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« the actual days that entered a GRACE monthly
solution should be also averaged from the in situ
data to improve the fit

 GRACE monthly solutions are quite noisy in the
tropics, but show moderate skills in less stratified
oceans at higher latitudes
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Summary and outlook

a database of ~ 100 in situ OBP timeseries is
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new stations are to be added to cover also recent
years

« the actual days that entered a GRACE monthly
solution should be also averaged from the in situ
data to improve the fit

 GRACE monthly solutions are quite noisy in the
tropics, but show moderate skills in less stratified
oceans at higher latitudes

« 2 years of monthly-mean test data is certainly too
short to draw robust conclusions out of the OBP
validation

ﬁ HELMHOLTZ

| ASSOCIATION

eeeeeeeeeeeeeee

10



Summary and outlook

a database of ~ 100 in situ OBP timeseries is
available for validation of GRACE monthly solutions,
new stations are to be added to cover also recent
years

« the actual days that entered a GRACE monthly
solution should be also averaged from the in situ
data to improve the fit

 GRACE monthly solutions are quite noisy in the
tropics, but show moderate skills in less stratified
oceans at higher latitudes

« 2 years of monthly-mean test data is certainly too
short to draw robust conclusions out of the OBP
validation

Thank you!
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Relative explained variance

Explained variance — variance of in situ measurements
explained by the model
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OBP fields from GRACE P e
GFZ RLO5a vy %

Work in progress

60° 120° 180° -120° -60° O’
STD GFZ RL05a 02/2002-08/2015 [hPa]

e improve leakage correction

® remove Sumatra-Andaman 00 05 1.0 1!5 2!0 2!5 3!0 3{5 40 45 50 55
earthquake signature

e reconsider GIA model
e residual tidal signal assessment: Gulf of Carpentaria
e reconsider level of smoothing (DDK2, DDK3)
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OBP fields from GRACE P
GFZ RLO5a s a7 R

e 04/2002 - 08/2015

e up to d/o=90

e atmospheric jumps corrected
with GAE & GAF P VSR )

e C20 replaced (Cheng et al., 2011)

e GIA correction (Paulson et al., 2007)

e (Geocenter variations included acc. to Bergmann-Wolf et al.
(2014)

e |and leakage reduction acc. to Wahr et al. (1998)
e GAD added back
e Filtering with DDK1 (Kusche, 2007)

60° 120° 180° -120° -60° O’
STD GFZ RL05a 02/2002-08/2015 [hPa]

e grid: 1° x 1°
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