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1. Lunar nodal tide (Mn: period = 18.6 years)

2. Low-pass filtered Pacific Decadal Oscillation (PDO) Index
3. High-pass filtered Multivariate ENSO Index (MEI)




The I0S Versatile Analysis (IVA)
we modify the Versatile Harmonic Analysis (Foreman et al. 2009)

h(t))=Z,+ /JE" —t)+ka( Acos[V LA gk]+R( 4

Trend

to also include non-harmonic climate indices

ble)= Zo s, 1) o2 ALl

ST

+ka< )4, COS[ el ruele )= gk]*'R( )

N_= number of climate indices (/) and n» = number of harmonic terms

We use SVD to solve for Z, a, b, (i=1,N ), A_and g _(k=1,n)

with corresponding constituent error covariances and correlations:

ry=C;l V(Ciicjf)

(Cherniawsky et al. 2001, 2010; Foreman et al. 2009)




d) ENSO vs. PDO
[ENSO .‘eads} [PDG .'ea:fs_.’
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(from Newman et al., J. Climate 2003)

Therefore, when we use MEI and PDO indices ‘as is’
their analysed amplitudes are correlated, with r~0.5!
We therefore choose to filter these indices. -




Low—Pass Filtered PDO (Tc=36 maonths)

N ‘,)'

]
]
=
=

Fawear (1/cpd)

IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|I
"IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|1‘

Frequency (cpd)




High—Fass Filtered MEl {Tc=72 months)

A &

o

e

¥ '-,.. |"'.‘i.
'.fAlJW" % .,

1oy

b 1|
IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIJ-

|
5 years —

Pawer (1/cpd)

Frequency (cpd)




o1l
NO1
Pl
S1
K1l
Kln
PSI1

0. 0374208]36

0.0387245256

0.0387306544
0.0402685944
0.0415525871
0.0416666721
0.0417807462
0.0417868751
0.0418948203
0.0432928981
0.0774870970
0.0776894680
0.0789992488
0.0792016198

0.0805052717. -

nodal sat

nodal sat




-4
: 0;001512152
e : 0.003053092
0. ; -
0.
=y < =
0.038724527-. 8. :
0.038730655 0 0 38w
0.040268596 0 0 oy
0.041552588 0 0 8.
0.041666672 0 0 T
0.041780747 0 0 2.
Kln 0.041786876 0.04631 248.442 0.00714 6.49
PSI1 0.041894820 0.00269 313.953 0.00661 0.41
Jl 0.043292899 0.01961 233.485 0.00628 3.12
2N2 0.077487096 0.02004 186.094 0.00630 3.18
MU2 0.077689469 0.02215 181.148 0.00623 3.56
N2 0.078999251 0.19707 210.660 0.00650 30.30
NU2 0.079201616 0.04013 209.014 0.00632 6.35
M2n 0.080505274 0.04017 232.857 0.00638 6.29
M2 0.080511399 0.95505 236.550 0.00679 140.57
L2 0.082023554 0.02026 248 .364 0.00631 3.21
T2 0.083219260 0.01922 247.112 0.00638 3.01
S2 0.083333336 0.27314 264.767 0.00638 42 .79
K2 0.083561495- "~ 0 2 0 9.8 T
’ - K21 -0 5.07.62 S ST R
s ‘1 largest. corre”la% h\z‘ ..p&..:m:*

‘?ﬁlar g es1E



e

S PP

AT 'J
b $ 80 &Y F4
CARRY KREKAKE AT

s AN

Min, Max, Mean, StDev: -10.56, 10.09, 0.05, 1.95 cm (N=351534) Mean sig = 0.45 cm
(excluded 187175 locations with ampl < sigma, 111 near Xs [redit=0.5] and 171_50 locations with rms residual > 15 cm)
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Average trend = 2.8 mm/yr (Wlthout GIA)
[tS*averageserror = 1.25 mm/yr
(N= 555 970 TPJ Iocatlons)
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he effects of ate indices on
sea level trends at select cross-over locations




Yellow Sea

32.370N, 124.73E (XO passes 51&138)
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Sea Level Anomaly (cm)

Sea Level Anomaly (cm)

East/Japan Sea

37.105N, 130.40E (X O passes 127&112)

Slope = 7.5 (+0.5) mm/year

6.3 (+0.5) mm/year
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Sea Level Anomaly (cm)

Sea Level Anomaly (cm)

New Zealand

-34.823N, 175.75E (XO passes 1478&238)

Slope = 5.3 (+0.4) mm/year
3.6 (:0.4) mm/year

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

-47.670N, 168.66E (XO passes 223&36)

WithInds —__________ Without Inds
Slope = 4.7 (+0.3) mm/year Ll ithout In
4.0 (+0.3) mm/year PDO — . NMEL Mn

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015




Marshall Islands
I|IIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

9.814N, 165.83E (XO passes 149&212)

Sea Level Anomaly (cm)
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9.814N, 168.66E (X O passes 225&34)
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TPJ data coverage (%)




West Coast of Canada

53.522N, 134.65W (XO passes 22B&28)

)

Sea Level Anomaly (cm)

Slope & -4 (+0.5) mm/year
0.2 (:0.5) mm/year

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

49.015N, 128.98W (X O passes 19&28)
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Sea Level Anomaly (cm)

Sea Level Anomaly (cm)

BC Coastal

49.015N, 126.14W (X O passes 95&104)
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these terms v'\}fe'lllﬂe'no‘i]’“gh exce’f” for GPS data atthe coast.
We therefore rely on the models.

The following few slides show our initial attempt to include
the Peltier et al. (2015) GIA model results in the TPJ
altimeter derived sea level trends.

Peltier et al., J. Geophys. Res. (2015): Space geodesy constrains ice age terminal deglaciation: The
global ICE-6G_C (VM5a) model.




Figure 4. The predicted present-day rate of vertical motion of the crust for the ICE-6G_C (VM5a) model of the global glacial
isostatic adjustment process is represented by the background map in which amplitude in mm/yr is represented by
the color bar. Superimposed upon this map are the locations of the sites, shown as the open circles, from which GPS
measurements of vertical motion are available. The radii of these circles are inversely proportional to the standard error
of the individual measurements. Also shown are the traverses along which comparisons are shown in Figures 5a-5c
between the predictions of several of the available models including the new model ICE-6G_C (VM5a).

e T ¥ i r3




PGR Models
—_—— |CE-5G (VM2)
=« = (Geruo A 2013
— |[CE-8G_C (WVMb5a)

Uplift (mmiyr)
=]

_Britlsh
Columbia
| U A (A |

500 1000
Dlstance (km)

th

L= ol

Figure 5. (continued)

Figure 5. (a) Comparisons between GPS observed and GIA model predicted rates of vertical motion along the traverses AA
DD, and GG' shown in Figure 4. Blue sites are from locations that were once ice covered, red sites were never ice covered, and
white sites are sufhciently far remowved from the line of the traverse that mishts to the daa may be ascribable to that source of
error. (b) Same as Figure 5a but for the traverses BB', CC, EE', and FF'. (c) Same as Figure 5a but for the traverses HH'-KK'.

(bottom panel of Fig. 5S¢ from Peltier et al., J. Geophys Res. 2015)







Conclusiéns
The 23.4-year Iong TPJ tlmeserlé's*are now Iong enough to compute the lunar
nodal tide (Mn) and to estlmate tts contnbuhonto the analyzed Absolute Sea

Notwithstanding the cross- correlatlons lt_tsfatso useful to mcIude

climate index timeseries (such as PDO and MEL) in the Versatlle Analysis of

sea level observations.

This is quite evident when comparing sea level trends at TPJ cross-overs with
and without the contributions from climate indices.

Inclusion of GIA increases the analyzed global mean sea level trend from 2.8
to 3.1 mm/year. However, on smaller regional scales our knowledge of sea
bottom motion is not adequate and may lead to erroneous trends.

This further underscores the utmost importance of the coastal tide gauges,
which together with ASL from s '__,eII*ite‘f;a:Itlmete,rs anq data frorﬁ nearby GPS
stations, allgwto ana‘lyz' th‘e Relat_ 2a Level (RSL) anges at the coast.
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