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Abstract

An empirical model for sea level trends over several
decades is set up such that it is consistent with the
global pattern of Local Sea Level (LSL) trends ob-
served by the global network of tide gauges. The forc-
ing factors taken into account are steric sea level vari-
ations, present-day ice load changes, and post-glacial
rebound. Model parameters are determined in a least
squares fit of the model to the LSL trends. The model
allows the determination of the contribution of each
factor to the global average LSL trend.

Here we compare the solutions for two different
LSL trend sets, namely one determined without and
one with taking into account local atmospheric forc-
ing at the tide gauges (denoted here as T1 and T2).
From the globally given model, the global average
trend over the last 50 years in LSL is found to be of
the order of

��� �������	��
��
mm/yr and

����������	��
��
mm/yr

for T1 and T2, respectively. For T1, the contribu-
tion of the Antarctic and Greenland ice sheets to the
global average are

�	� �������	�����
mm/yr and

�	���������	� ���

mm/yr, respectively and for T2
��� �������	�����

mm/yr and�	���������	� ���
mm/yr, respectively. Using T1, the con-

tribution from steric change is clearly identified and
found to be at least 0.2 mm/yr with the most likely
value being close to 0.35 mm/yr. For T2, there is no
correlation between the spatial pattern of the observed
LSL trends and the steric sea level trends, and the steric
contribution to the global average turns out to be equal
to zero. This result indicates a very high correlation
between the local atmospheric forcing and the thermo-
steric sea level changes, which may be the result of a
feedback of temperature changes in the upper layer of
the ocean into the air pressure and wind field over the
ocean.
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1 Introduction

The mass balance of the global water cycle is of
paramount interest for understanding, predicting and
mitigating the impact of climate change. Under-
standing the sea level changes over the last decades
and century is a prerequisite for quantifying climate-
related changes in the oceans volume and mass, as

well as for establishing future sea level scenarios.
Church et al. (2001) emphasize the considerable un-
certainties in the mass balance of the ocean and, in
consequence, the global sea level. In particular, the
contribution of the large ice sheets to current sea level
changes is rather uncertain.

The global mass and volume of the ocean are two
absolute quantities characterizing the ocean as a reser-
voir in the global hydrological cycle. Changes in these
quantities are directly related to changes in the hydro-
logical cycle and therefore to climate change. Local
Sea Level (LSL), which is defined here as the (abso-
lute) vertical distance between the surface of the ocean
and the surface of the solid Earth, depends on the dis-
tribution of the ocean water in a given topography of
the Earth surface. Thus, LSL depends on many differ-
ent factors, such as the Earth’s topography, the (time-
variable) geoid, changes of the Earth’s rotation, atmo-
spheric circulation, heat and salinity distribution in the
ocean, ocean circulation, past and present mass move-
ments in the Earth system, the visco-elastic properties
of the Earth’s interior, sedimentation, and even anthro-
pogenic subsidence due to groundwater, gas, and oil
extraction. At coastal locations, LSL is measured rela-
tive to a benchmark on land, which, if properly chosen,
follows the vertical motion of the land around the tide
gauge, including the ocean bottom below it.

Over the last thirty years a number of studies have
utilized the unique sea level data set provided by the
Permanent Service for Mean Sea Level (PSMSL) for
the determination of a global sea level rise (see Church
et al., 2001, for a review). The global trends estimated
in these studies range from +1 to +2.5 mm/yr. This rel-
atively wide range mainly is due to the selection crite-
ria used by the different researchers to select subsets
of tide gauges as well as the methodology to deter-
mine a global trend. However, the link between LSL
changes and changes in the global ocean mass and vol-
ume is complex and all forcing factors result in spa-
tially highly variable trends. Taking into account that
the global network of tide gauges only samples a small
fraction of the ocean’s surface, any estimate of a global
rise not taking into account the spatial variability of the
different contribution is bound to be biased.

In order to account for the spatial variability of
the forcing, Plag (2006) derived a LSL balance equa-
tion that accounts for each forcing factor individually.



Using an approximate LSL equation which accounts
for the contribution due to ocean temperature changes,
post-glacial rebound, and the present-day changes in
Greenland and Antarctica, he determined a global av-
erage rise in LSL of

��� ��� � �	��
��
mm/yr. Here we

extend this approach and study how the local atmo-
spheric forcing affects the estimates of the global av-
erage.

In the next section, we briefly introduce the LSL
equation and discuss the spatial fingerprint of the
main forcing factors. In Section 3 we summarize the
database used by Plag (2006), which is here comple-
mented with an atmospheric dataset. Then, in Sec-
tion 4 we consider the effect of the local forcing on
the global grid of observed LSL trends. In Section 5,
we introduce the regression model and in Section 6
discuss the effect of the local atmospheric forcing on
the global estimates by comparing the results of Plag
(2006), which do not account for the local atmospheric
forcing, to the results obtained here after the local at-
mospheric forcing has been removed.

2 Local Sea Level Balance

For the discussion of secular trends, we approximate
the monthly mean LSL

��������
	��� at a tide gauge lo-
cated at a point

�� on the Earth surface as a sum of
several factors, namely������
	������� ����
	������� ����
	������� ����
	����� (1)� �����	������� �����	������� �����	����� ����! � �
"��$#���&%'# ����� � ��"(�$#)��&*+% ����
	���
where � is time, �$# an arbitrary time origin, and where
we have considered the following contributions to LSL
changes: � : steric changes, � : changes in ocean
currents, � : changes in atmospheric circulation,

�
:

changes in the mass of large ice sheets, � : changes in
the mass of glaciers, � : changes in the terrestrial hy-
drosphere,

 
: post-glacial rebound (assuming a time-

independent velocity), %'# : tectonic vertical land mo-
tion (assuming a time-independent velocity) *+% : non-
linear vertical land motion. (Plag, 2006, see there for
a detailed discussion of these factors).

The factors that contribute to secular trends with
a fingerprint exhibiting large spatial variations on re-
gional to global scales are the post-glacial rebound sig-
nal, the steric signal and the present-day contribution
from the two large ice sheets in Antarctica and Green-
land (Plag, 2006). Moreover, changes in atmospheric
circulation are also likely to have regional scales. The
database for these factors are discussed in the next Sec-
tion.

3 The database and methodology

Time series of monthly mean values for LSL are taken
from the PSMSL data base (Woodworth & Player,
2003), which contains records from more than 1950
tide gauges, i.e. a major fraction of the global tide
gauge data. Those records, for which the history of
a local reference can be established are compiled into
a subset denoted as Revised Local Reference (RLR)
datasets, and these records can be used confidently to
determine local LSL trends.

Most of the PSMSL records are restricted to the
time window of approximately 1950 to 2000. Thus,
only in that time interval a spatially sufficient picture
of the pattern of LSL trends can be expected. Consid-
ering that the steric sea level changes are given for the
time window 1950 to 1998 (see below) we choose this
time window as a compromise between highest accu-
racy for the local secular LSL trends and the optimal
spatial coverage. For each tide gauge, Plag (2006) de-
termined a secular trend by fitting the model function

, � ��-�/.0�&12��� 34 5 6�7 �
598�:<; �>= 5 ���&? 5  (2)

to the series of monthly mean sea levels, where � is
time, . is an offset and 1 the constant secular LSL
trend. � 5 and ? 5 are the amplitude and phase, respec-
tively, of an annual and semiannual constituent. In the
fit, the parameters . and 1 and the amplitudes of the
sine and cosine terms of the annual and semi-annual
constituents are determined simultaneously.

Here we use an alternative equation to determine
the LSL trends, i.e.

, � ��-�@.A�B12�!� 34 5 6�7 �
598�:C; �>= 5 ���&? 5 !�ED4 5 6�7�F

5HGI5
(3)

where

G 5 	AJK� � 	  	 � , are the relevant components of
the atmospheric stress tensor on the sea surface, and F

5
are the respective regression coefficients, which we de-
termine together with the other parameters in the least
squares fit to the LSL records. The component of the
atmospheric stress tensor perpendicular to the sea sur-
face is the air pressure L . The horizontal components
are taken to be proportional to the wind stress compo-
nents, i.e. G 3NMPORQTS O 3Q � O 3U (4)G

D MPO U S O 3Q � O 3U (5)

where O Q and O U are the east and north components
of the wind vector, respectively. We denote the sets of



LSL trends determined with eq. (2) and eq. (3) as T1
and T2, respectively.

Monthly mean values of the air pressure and
the wind stress components are computed from the
ERA40 reanalysis data provided by the European Cen-
ter for Medium Range Weather Forecast (ECMWF).
The ERA40 dataset has a spatial and temporal resolu-
tion of

	� ������	� ���
and 6 hours, respectively. Monthly

means of

G 3 and

G
D are computed as averages of the

six-hourly values of these quantities.
With respect to thermosteric sea level changes,

post-glacial rebound signal and the fingerprints of the
two large ice sheets in Antarctica and Greenland, we
use the same data base as Plag (2006). Thermosteric
sea level variations are computed from observations of
the subsurface temperature field. Currently, two global
datasets are available, namely Levitus et al. (2000) and
Ishii et al. (2003). The two datasets are, to a large ex-
tent, based on the same observations; however, dif-
ferent analysis schemes are used to create the grid-
ded datasets. As pointed out by Plag (2006), the sea
level trends derived from these two datasets display
considerable differences, with the former having more
short wavelength variations and a larger range of local
trends. The computed sea level changes depend on the
depth interval used for the integration. For the Levitus
et al. (2000) dataset, steric sea levels are available for
500 m and 3000 m (denoted as L500 and L3000). For
the Ishii et al. (2003) dataset, sea levels are only avail-
able for 500 m (denoted here as I500). All grids have
a spatial resolution of 1

�

.
For the L500 and L3000 datasets, which are given

as annual means, local trends were determined by a
least squares fit of a polynomial of degree 1 to the
data for each grid point. I500 is given as monthly
means, and the model function (2) was used instead. In
large parts of the ocean, the thermocline depth is much
deeper in the ocean than 500 m. Therefore, L500 and
I500 are likely to underestimate the thermosteric sea
level variations in these areas.

The large uncertainties in the mass changes of the
two large ice sheets in Antarctica and Greenland over
the last five decades do not allow to use a spatial finger-
print deduced from observations to represent the con-
tribution of these two ice sheets to LSL. Therefore,
based on the static elastic sea level equation (Farrell
& Clark, 1976), Plag & Jüttner (2001) determined for
each ice sheet a fingerprint function for a constant, unit
trend over the complete area of the ice sheet. The re-
sulting Antarctic fingerprint has a distinct zonal com-
ponent, while the Greenland fingerprint shows more
variations with longitude, particularly in the northern
hemisphere (Plag, 2006).

The present-day LSL fingerprint of the post-glacial
rebound signal (PGS) is fairly well predicted by geo-
physical models. Plag (2006) used a suite of models
(Milne et al., 1999) to study the effect of the uncer-
tainties of the predicted PGS fingerprint in LSL on the
global results. Here we also use the same set of mod-
els but will not discuss in detail the sensitivity of the
global results to the PGS model.

The thermosteric contribution is only given on a
1
�

by 1
�

grid. Using a regression based on individ-
ual LSL trends at tide gauges would require interpola-
tion and in most cases extrapolation of the steric sig-
nal from nearby grid points to the exact tide gauge
location. Based on a detailed sensitivity study, Plag
(2006) chose to create a gridded dataset of LSL trends
instead, assigning a weighted average of all available
LSL trends to each grid cell with tide gauges. The
sensitivity study also indicated that a grid resolution
of
�������

was a reasonable compromise between the
accuracy of the individual LSL trends assigned to the
grids and the spatial resolution required to capture the
main features of the spatial fingerprint of e.g. the post-
glacial signal. This 2

�

grid as defined by the available
tide gauges only covers about 3.1% of the global ocean
surface. Similar 2

�

grids were created for all available
forcing factors by averaging the 1

�

grids.

4 Effect of the local atmospheric
forcing on LSL

At many stations, a large amount (up to 90%) of the
variability of monthly LSL is explained by the regres-
sion model according to eq. (3), with a large fraction
of the model coming from air pressure and to a lesser
extent the two wind stress components. In many areas,
the regression coefficient for air pressure is close to the
equilibrium value of M " � � mm/HPa (Fig. 1). How-
ever, close to the equator, where air pressure variations
are small, much larger values than that are found.

The relative importance of the local atmospheric
forcing depends mainly on the latitude and the coastal
geometry. At stations at latitudes outside the

� ����

band the combined local atmospheric forcing explains
most of the intraseasonal variations, while significant
interannual to decadal variations are more pronounced
in the residuals than in the observations (e.g. Halifax,
Cuxhaven, San Francisco, and Sydney). At most sta-
tions the main atmospheric contribution is due to air
pressure, but at Cuxhaven in the German Bight, the
east component of the windstress is by far the domi-
nating contribution.

For the stations on the west coasts of the Ameri-
cas, the El Niños events are visible in sea level. At
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Fig. 1: Regression coefficients for the local atmospheric forcing. P: air pressure, E: east component of wind stress, N: north
component of wind stress. The horizontal line in the left diagram indicates the equilibrium value of ���

���
mm/HPa.

O

1958 1970 1982 1994 2006

Year

-180

0

180

M

-140

0

140

R

-80

0

80

AP

-100

0

100

WE

-60

0

60

WN

-40

0

40

Station HALIFAX

O

1958 1970 1982 1994 2006

Year

-200

200

600

M

-180

0

180

R

-140

0

140

AP

-180

-60

60

WE

-40

0

40

WN

-60

0

60

Station SANFRANCISCO

O

1958 1970 1982 1994 2006

Year

-200

200

600

M

-200

0

200

R

-160

0

160

AP

-400

0

400

WE

-4

0

4

WN

-60

-20

20

Station SANTACRUZ

O

1958 1970 1982 1994 2006

Year

-600

0

600

M

-600

0

600

R

-140

0

140

AP

-180

-60

60

WE

-600

0

600

WN

-40

0

40

Station CUXHAVEN2

O

1958 1970 1982 1994 2006

Year

-200

0

200

M

-180

-60

60

R

-140

0

140

AP

-27

-9

9

WE

-1.20

0.00

1.20

WN

-90

-30

30

Station COCHIN WILLINGDONI

O

1958 1970 1982 1994 2006

Year

-180

0

180

M

-160

0

160

R

-210

-70

70

AP

-180

-60

60

WE

-40

0

40

WN

-40

0

40

Station SYDNEY-FORTDENISON

Fig. 2: Regression model for selected tide gauges. For each station, we show O: observations, M: regression model, R:
residual, as well as the individual contributions of AP: air pressure, WE: east component of windstress and WN: north
component of windstress. All parameters are given in mm.

San Francisco, the high sea levels during the largest El
Niños are not modeled by the local atmospheric forc-
ing, while at Santa Cruz in the Galapagos Islands, the
local forcing captures a large fraction of these high
sea levels very well. However, at Santa Cruz, the re-
gression coefficient for air pressure is as large as " 
�
mm/HPa, which indicates that there air pressure may

be correlated with other factors influencing sea level.
At many stations close to the equator, the rather small
air pressure variations are dominated by a (likewise)
small seasonal signal, which is also present in sea level
(e.g. Cochin at the southwest coast of India).

Comparing the LSL grid derived from T1 to the
grid derived here from the T2 LSL trends, we see
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Fig. 3: Effect of local atmo-
spheric forcing on the secular
LSL trend pattern. Upper dia-
gram: LSL trend grid derived
by Plag (2006) for T1. Middle:
LSL trend grid determined in
the present study for T2. Lower
Diagram: atmospheric contri-
bution to LSL trends computed
as the difference between T2
and T1. All scales are in mm/yr.
In the computation of the grid
values, only local LSL trends
within � ��� mm/yr are used and
the LSL trends in a grid cell are
averaged using the length of the
records as weights. Minimum
record length is 10 years.

that the spatial pattern shows some differences partic-
ularly in the Pacific (Fig. 3). The effect of the atmo-
spheric forcing on the long-term LSL trends depends
on the geographical region. For example, along the
west coast of North America, the atmospheric con-
tribution in general is positive, exceeding 2 mm/yr in
some areas. For most of the North Atlantic, the con-

tribution is also positive, while over the western Pa-
cific, large negative contributions are found reaching
-5 mm/yr in some areas. For the Mediterranean sta-
tions, the atmospheric contribution is negative (partic-
ularly in the Adriatic and the eastern Mediterranean,
where it reaches values up to -0.8 mm/yr). The results
for the Mediterranean are confirmed by Tsimplis et al.



(2006) on the basis of a hydrodynamical model run.

5 The regression model

The regression model set up by Plag (2006) for the
gridded LSL trends is given by

�1 5 � �4
� 6�7 � � ��� ���

5 �	�  5 ��
�� 5 �� 	 (6)

where J is the index of the grid cell,
�1 5 is the mod-

eled LSL trend,
��� ���5

the LSL trend due to a unit mass
change in ice sheet

� � ��� , � the number of individual
ice sheet fingerprints included in the regression,

 5
the

predicted PGS, � 5 the thermosteric LSL trend, and � a
mean global LSL trend introduced to collect all unac-
counted contributions.

The � � are unknown mean mass trends of the ice
sheets, which are determined as a results of the regres-
sion analysis. � is introduced to account for any scale
error in the PGS predictions. With the introduction of
� , we preserve the predicted PGS fingerprint but we al-
low for adjustments in the amplitude. The same is true
for the thermosteric effect, where we have introduce a
scale factor 
 .

In the following, we have to distinguish between
the regression grid, which is defined by the fact that
all factors used in a regression are available, and the
global (ocean) grid, which is defined as far as possible
for the complete ocean surface. Since all models are
available globally, the regression grids are determined
as the set of grid cells where both the steric sea level
trends and the observed LSL trends are given. The
global grids are defined by the steric grid used. The re-
gression grids cover typically 2% of the ocean surface,
while the steric grids reach up to approximately 95%.

Any regression analysis is hampered by the pres-
ence of high covariance of the forcing factors. Using
T1, the fingerprints of the Antarctic and Greenland ice
sheet are significantly anti-correlated (Table 1). More-
over, the Greenland ice sheet fingerprint is weakly cor-
related with the present-day PGS fingerprint. For the
steric fingerprints, the correlation with the T1 LSL
trends are of the order of 0.25 for the L500 and I500
datasets, while the correlation is less than 0.2 for the
L3000 dataset (Table 1).

Using the T2 trends does not change the cross cor-
relation between LSL and most of the factors (Table
1). However, there is no correlation between the steric
sea level heights and the T2 trends. In particular, the
cross correlation coefficients for I500 and L500 are
0.00 while for L3000 a non-significant value of 0.04

is found.
Taking into account the local atmospheric forcing

completely removes the correlation between the LSL
and steric trend patterns. This rather surprising results
has a profound effect on the results of the regression
analysis. It indicates that the steric signal sensed by the
tide gauges is mainly due to changes in the upper ocean
layer, which appear to be highly correlated with local
atmospheric forcing. Thus, a warming of the upper
layer and an increase in sea surface temperature will
tend to lower the air pressure above the warming area.
Both processes will lead to an increase of sea level,
which is then fully absorbed in the separate removal
of the contribution due to local atmospheric forcing.
Nevertheless, in the next section, we will compare se-
lected results to those obtained by Plag (2006) in order
to assess the effect of the local atmospheric forcing on
the global estimates.

6 Results

In Table 2, results of the regression analysis for a few
selected combinations of fingerprints are given for the
T1 and T2 LSL trend grids. The actual values of the
regression coefficients for T1 are discussed in detail
in Plag (2006). Here it is only mentioned that � is in
the range of 0.4 to 1.5, depending on the PGS model,
while 
 ranges from approximately 0.4 for L3000 to
approximately 1.2 for I500, depending slightly on the
PGS model used. For T2, � is generally lower, while 

is close to zero for all three steric data sets (see below).

For all regressions, the constant � is of the order
of 0.5 mm/yr and 0.75 mm/yr for the T1 and T2 LSL
trends, respectively. Thus, the unexplained average
trend at the tide gauges is between 50 and 80% of
the average sea level rise. Moreover, the assumption
that � determined for the (small) tide gauge grid can be
extrapolated over the whole ocean is uncertain, since
most contributions included in eq. (1) are spatially
highly variable.

Compared to the T1 results, the T2 results explain a
smaller fraction of the spatial pattern in the LSL trends
(Table 3). They show a smaller contribution from the
Antarctic ice sheet and a larger one from the Green-
land ice sheet. The PGS contribution is slightly lower
or unchanged, while no contribution comes from the
steric forcing. A larger fraction of the LSL trends re-
mains unexplained.

For the T1 solutions, the steric signal based on
I500, L500 and L3000 contributes significantly to the
global LSL pattern. For the L500 dataset, the ex-
plained fraction of the variance is the highest and the



Table 1: Correlation matrix for the fingerprints of the forcing factors and LSL. Columns are: A, G: fingerprints of the
Antarctic, and Greenland ice sheets, respectively, P1: post-glacial rebound model (ice history is ICE-3G, upper and lower
mantle visocities are

��� ��� ���
and

��� ��� ���
Pas, respectively, and lithosphere thickness is 120 km, see Milne et al. (1999)),

I500, L500, L3000: thermosteric fingerprints, and LSL: LSL trend pattern. Matrix is for cross correlation on the regression
grid. Upper and lower matrix are for T1 and T2, respectively. For a detailed discussion, see Plag (2006).

A G P1 I500 L500 L3000 LSL

A 1.000 -0.492 -0.118 -0.026 -0.004 -0.120 -0.097
G -0.492 1.000 -0.187 0.100 -0.023 -0.001 -0.074
P1 -0.118 -0.187 1.000 0.014 -0.006 0.023 0.317
I500 -0.026 0.100 0.014 1.000 0.826 0.675 0.248
L500 -0.004 -0.023 -0.006 0.826 1.000 0.832 0.247
L3000 -0.120 -0.001 0.023 0.675 0.832 1.000 0.186
LSL -0.097 -0.074 0.317 0.248 0.247 0.186 1.000

A 1.000 -0.493 -0.136 -0.030 0.008 -0.102 -0.088
G -0.493 1.000 -0.169 0.106 -0.024 0.001 -0.101
P1 -0.136 -0.169 1.000 0.014 -0.007 0.023 0.273
I500 -0.030 0.106 0.014 1.000 0.820 0.676 0.000
L500 0.008 -0.024 -0.007 0.820 1.000 0.827 -0.002
L3000 -0.102 0.001 0.023 0.676 0.827 1.000 0.036
LSL -0.088 -0.101 0.273 0.000 -0.002 0.036 1.000

Table 2: Selected results of the regression analysis. The column M (Model) indicates the LSL trend set used and gives the
factors included in the regression function (6). Parameters are as in eq. (6). The other columns are as follows:

���
	��
: mean

of modeled RSL trends, (weighted by area);  : fraction of the variance in % explained by the regression model. For each
solution, the upper and lower lines give the regression results in mm/yr equivalent contribution to the mean over the (small)
regression grid and the (near-global) complete steric grids, respectively (see Plag, 2006, for a more detailed discussion of
the global model). P2 is similar to P1 (see Table 1), except for a lower mantle viscosity of ��� ��� � � � ��� Pas. The contributions
are given with 95% confidence limits. Bared quantities are spatial averages over the respective grid.

M �
� ���� � ��� ���� � � ���� � ����  � �
	�� 
T1: A,G,P2,I500,c

� � ! � � � � "#� � � � � � � � � " �
� � ��$ � � � � � � � �&% � � � � � � � �#! � � � � � 1.10 13.10

� � � � � � � � ! � � �&$ � � � � � �
� � � � � � � � � � � � ! � � � � � � � �&! � � � � � 0.83

T2: A,G,P2,I500,c
� � � � � � � " � � � � � � � � � " �

� � � � � � � � � � � � � � � � � � � � ��" � � � "#� 1.15 9.08
� � �'$ � � � � � � � � � � � � � ! �

� � � � � � � � � � � � � � � � � � � � �(" � � � "&� 1.02
T1: A,G,P2,L500,c

� � �(� � � � "#� � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � 1.14 13.79

� � � � � � � � ! � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � 0.94

T2: A,G,P2,L500,c
� � �&� � � � " � � � � ! � � � � " �

� � ��$ � � � � � �
� � � � � � � � � � � % � � � � "#� 1.19 9.79

� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � % � � � � "&� 1.07

T1: A,G,P2,L3000,c
� � � � � � � "#� � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � !#� � � � � � 1.10 12.43
� � �'% � � � � ! � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � !&� � � � � � 0.97
T2: A,G,P2,L3000,c

� � � � � � � " � � � � ! � � � � " �
� � ��$ � � � � � � � � � � � � � � � � ��! � � � "#� 1.15 9.57

� � �'% � � � � � � � � " � � � � � �
� � � � � � � � � � � � � � � � � � � � �(! � � � "&� 1.04

regression coefficient is close to one. Based on that,
Plag (2006) concluded that the L500 is most consistent
with the spatial pattern of the T1 LSL trends. How-
ever, in the open ocean, the L3000 set may be better,
and for L3000 the global average is 0.35 mm/yr. Con-
sequently, the estimates given in Table 2 for the steric
contribution are likely to be at the lower end. How-
ever, for the T2 LSL trends, the regression coefficients
for all three data sets are very close to zero, leaving no
room for a steric contribution.

For all regressions, the global average values are
lower than the averages obtained for the regression

Table 3: Comparison of T1 and T2 results. The contribu-
tions are to global average.

Factor/parameter T1 T2
Variance explained (%) 11.3 to 13.8 8.5 to 10.1
Antarctica (mm/yr) 0.39 � 0.11 0.31 � 0.13
Greenland (mm/yr) 0.10 � 0.05 0.16 � 0.03
Thermosteric (mm/yr) 0.30 � 0.10 0.00 � 0.01
Unexplained (mm/yr) 0.35 � 0.40 0.45 � 0.35
Global average (mm/yr) 0.90 � 0.75 1.00 � 0.70

grid, and they are at the very low end of values gen-
erally reported for the global sea level rise over the last
50 to 100 years. The basic assumptions for the extrap-



olation of the models from the regression grid to the
global grid are: (1) the regression model is appropri-
ately representing the long spatial wave length in sea
level trends, and (2) there are no other open ocean con-
tributions to global sea level rise not sensed by the tide
gauges, that would affect the extrapolation of � .

Plag (2006) argued that the results for the steric
contributions using the L500 and I500 datasets are
likely to be minimum estimates, while the global av-
erage of the L3000 dataset indicates that the actual
steric contribution may be larger by 0.1 to 0.2 mm/yr.
Therefore, he considered a global sea level rise value
of

��� � � ������
��
mm/yr to be more likely. For the T2

results, it is likely that the steric contribution has been
absorbed by the regression of local atmospheric forc-
ing. Therefore, if we add a similar contribution to com-
pensate for a bias of the steric contribution, the global
average LSL trend for the T2 grid is of the order of������ � �	��
��

mm/yr.

7 Conclusions

The comparison of the regression results for the T1 and
T2 LSL trends reveals a high correlation between spa-
tial patterns of the LSL trends locally attributed to at-
mospheric forcing and the thermosteric contribution.
This correlation may be due to a feedback from sea
surface temperature changes to the regional air pres-
sure and wind fields.

The regression results for both LSL trend datasets
show that the observed spatial pattern of LSL trends
is compatible with melting of both the Greenland and
Antarctic ice sheets. In fact, the results assign a high
significance to this melting.

Based on the regression results for T1, the steric
contribution to the global LSL average trend is at least�	���� � �	� ���

mm/yr but more likely to be larger. How-
ever, a part of that signal may actually be due to a cor-
related effect of atmospheric forcing on sea level.

The results presented here underline the potential
of the fingerprint method to extract useful information
from the sea level observations provided by the global
network of tide gauges. Potential biases of the regres-
sion results and particularly the extrapolation to the
global ocean surface are discussed by Plag (2006) and
can result from (1) long-term changes in the Green-
land and Antarctic ice sheets, (2) errors in the PGS pre-
dictions, and (3) unaccounted factors with fingerprints
having large spatial variations. Here we have identi-
fied an additional error source, which results from the
correlation of atmospheric forcing and steric changes.
In order to reduce the biases, a more comprehensive

regression model needs to be set up, that takes into ac-
count the different forcing factors in one common fit.
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Tsimplis, M. N., Álvarez-Fanjul, E., Gomis, D., Fenoglio-
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