Validation of simulated and GRACE based
ocean bottom pressure time series
against in situ observations

Lea Poropat, Inga Bergmann-Wolf,
Henryk Dobslaw, Frank Flechtner

German Research Centre for Geosciences (GFZ)
Department 1: Geodesy
Section 1.3: Earth System Modelling
poropat@gfz-potsdam.de

i ﬁHELMHOLTZ
oy | | ASSOCIATION

eeeeeeeeeeeeeee



Motivation

GFZ ﬁHELMHOLTZ

| ASSOCIATION

Helmholtz Centre
PorsbpAam




Motivation

g - N
Pt g = I 2%
o s TS S A b g
e ™ N 0 *.
et - . 4
‘R 2 i O E
[ . 5.
Grayity:RecOWery AndfGlimate EXperimént
R S A

GFZ

Helmholtz Centre
PorsbpAam

ﬁ HELMHOLTZ

| ASSOCIATION




Motivation

G R CE Level-2
Gri{g%?iCM’giﬁq;;:ate ExXperimént P r O d u C t S
; 2 3

’Il

GFZ ﬁHELMHOLTZ

| ASSOCIATION

Helmholtz Centre
PorsbpAam




Motivation

G R CE Level-2
Gri{g%?iCM’giﬁq;;:ate ExXperimént P r O d u C t S
; 2 3

’Il

GFZ ﬁHELMHOLTZ

| ASSOCIATION

Helmholtz Centre
PorsbpAam




Motivation

I Level-2

Gra r.«lf}f Reciﬁ‘/"e'r:yv,qnﬂfﬂ;i‘rr:.ate ExXperimént P d

s roducts
4 "z &

". .

GFZ ﬁHELMHOLTz

| ASSOCIATION

Helmholtz Centre
PorsbpAam




Motivation

I Level-2

Gra r.«lf}f Reciﬁ‘/"e'r:yv,qnﬂfﬂ;i‘rr:.ate ExXperimént P d

s roducts
4 "z &

". .

GFZ ﬁHELMHOLTz

| ASSOCIATION

Helmholtz Centre
PorsbpAam




Motivation

I Level-2

Gra r.«lf}f Reciﬁ‘/"e'r:yv,qnﬂfﬂ;i‘rr:.ate ExXperimént P d

s roducts
4 "z &

". .

GFZ ﬁHELMHOLTz

| ASSOCIATION

Helmholtz Centre
PorsbpAam




Motivation

Level-2
Products

—_

uonepijea

<E_,

ﬁ HELMHOLTZ

| ASSOCIATION

GFZ |

Helmholtz Centre
PoOoTsbDAM




Motivation

Level-2
Products

—_

uonepijea

<E_,

in situ ocean
bottom
pressure

ﬁ HELMHOLTZ

| ASSOCIATION

Helmholtz Centre
PoOoTsbDAM




Motivation

Level-2

AOD1B Products

—_

uonepijea

6

in situ ocean
bottom
pressure

ﬁ HELMHOLTZ

| ASSOCIATION




Motivation

Level-2
Products

—_

uonepijea

6

atmosphere
ECMWF

in situ ocean
bottom
pressure

ﬁ HELMHOLTZ

| ASSOCIATION




Motivation

Level-2
Products

N 5y

- . e -
Gra, Rlfy'}zez: _efy_Antfqlmate Experiment

4% S 'S
§ el
= 9 7

- T W

-

—_

uonepijea

6

atmosphere ocean

ECMWF OMCT in situ ocean

bottom
pressure

ﬁ HELMHOLTZ

| ASSOCIATION




Motivation

Level-2
Products

o ,.‘ e
= s o Z
Grayjty:Recovery. Andfalimate Experiment
ey A
_ws g
5 7 3 "

¥

—_

uoijepijea

6

in situ ocean
bottom
pressure

atmosphere ocean validation
ECMWF OMCT -

ﬁ HELMHOLTZ

| ASSOCIATION




Preprocessing of in situ data

ﬁ HELMHOLTZ

| ASSOCIATION

3



Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour
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Ocean bottom pressure [Pa]

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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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

e stacking time series
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour
* stacking time series B
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Preprocessing of in situ data

e removing outliers, drifts,
jumps and trends

e changing time step to 1 hour
* stacking time series B 2
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
from the same station
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal

jumps and trends

\ 4
e changing time step to 1 hour T_TIDE MATLAB
e stacking time series package for
. classical harmonic
from the same station 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
A\
e changing time step to 1 hour T_TIDE MATLAB
e stacking time series package for
from the same station 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 !
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]
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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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e removing outliers, drifts,
jumps and trends

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

Preprocessing of in situ data

removing tidal signal
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Preprocessing of in situ data

e removing outliers, drifts, e removing tidal signal

jumps and trends

\ 4
e changing time step to 1 hour T_TIDE MATLAB
e stacking time series package for
. classical harmonic
from the same station 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
e stacking time series Butterworth package for
from the same station low pass filter aﬁgf;ﬁ: I[E:\CVTOOVWCCZ
et al., 2002]

ﬁ HELMHOLTZ

ASSOCIATION
6 |



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 aﬁgf;ﬁ: I[E:\CVTOOVL}'CCZ
et al., 2002]
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e changing time step to 1 hour
e stacking time series

Preprocessing of in situ data

removing outliers, drifts,

jumps and trends

from the same station

e removing tidal signal

e filtering data
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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
e stacking time series Butterworth package for
from the same station low pass filter aﬁgf;ﬁ: I[E:\CVTOOVWCCZ
Q 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 filtering data

|

Butterworth
low pass filter

N

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

removing tidal signal

A\
T_TIDE MATLAB
package for
classical harmonic
analysis [Pawlowicz
et al., 2002]
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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

e removing tidal signal

e filtering data
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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, e removing tidal signal
jumps and trends o filtering data !
e changing time step to 1 hour l T_TIDE MATLAB
* stacking time series Butterwo!‘th cIasps?c(:::IaE:rt:\%nic
from the same station low pass flter— lysis [Pawlowicz
SN et al., 2002]
In situ data from station DART_42407 (15.256 °N, 68.246 °W) for year 2009
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2\ @ 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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Relative explained variance for OMCT RLO5
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OBP fields from GRACE P
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OBP fields from GRACE P =
GFZ RLO5a ey

e 04/2002 - 08/2015
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e atmospheric jumps corrected
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e C20 replaced (Cheng et al., 2011)
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OBP fields from GRACE Prm
GFZ RLO5a P

e 04/2002 - 08/2015
e up to d/o=90
e atmospheric jumps corrected

60" 120" 180" -120° -60° O

STD GFZ RL05a 02/2002-08/2015 [hPa]

With GAE & GAF 00 05 1.0 1?5 2TD 215 STO 31.5 40 45 50 55
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)
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OBP fields from GRACE
GFZ RLO5a
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e C20 replaced (Cheng et al., 2011)
e GIA correction (Paulson et al., 2007)
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(2014)
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OBP fields from GRACE
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(2014)
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OBP fields from GRACE
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Relative explained variance for

GRACE GFZ RLO5a
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Relative explained variance for

GRACE GFZ RLO>a
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 available data:

« ocean model validation - ~150 re-processed in
situ ocean bottom pressure time series

« GRACE monthly mean solutions - ~130 stations
« OMCT RLOS validation:

« generally good performance of the current
OMCT RLO5 over all considered frequency bands

« GRACE GFZ RLO5a validation:
« too much noise in the lower latitudes

« good agreement between GRACE and in situ
data in the higher latitudes
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Outlook

e validation work flow is non-interactive and fast:

« rapid evaluation of new model experiments
during the development of the model

« comparison of GRACE solutions obtained in
different institutions

« evaluation of changes in data processing in
preparation of a new data release

« validation results are considered during the
ongoing development of AOD1B RL0O6 (planned
for release in summer 2016)

Thank you!
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Relative explained variance

Explained variance - variance of in situ measurements
explained by the model

(obs) —(obs —mod)
R
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OBP fields from GRACE
GFZ RLO5a

Work in progress

60" 120" 180" -120° -60° O

e improve leakage correction

® remove Sumatra-Andaman 00 05 1.0 1?5 2TD 215 STO 31.5 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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