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A Critique of Satellite Global Mean Sea Levels
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Abstract
The global mean sea levels (GMSL) from the satellite altimetry missions have been provided since 1993. It is shown here that
these results are more a computation than a true measurement, suffering of arbitrary adjustments and corrections, and failing
validation against more accurate and reliable products. Sea levels provided by a network of tide gauges provide a superior
result.
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1. Introduction
It is a claimed that by using satellites we can measuring the
instantaneous state of the seas and so compute the time rate
of change in sea level with a resolution of hundreds of micrometers per year. The TOPEX and Jason satellite radar
altimeters provide the data. Below in Figure 1 is the Satellite
GMSL from [1], and the trend is 3.4±0.4 mm/yr. The Figure
also presents the map of absolute mean sea level (MSL)
trend. The impression from the chosen colour palette is that
the absolute mean sea levels are rising everywhere, with a
trend of +3.4 mm/yr. This is simply not true.

2. Determination of Absolute
Sea Level Height Is not
Simple
There is no such thing as an altimeter placed on a single
satellite that can actually measure the instantaneous state of
the sea surface all over the world with the claimed accuracy.
The ±0.4 mm/yr in the +3.4±0.4 mm/yr GMSL claim of
Figure 1 is only the fitting accuracy. Every single “measured”
point has an unassessed accuracy, as nobody ever validated

the GMSL product, which is more a computation than a
measurement.
As written in [1]: “Since 1993, measurements from the
TOPEX and Jason series of satellite radar altimeters have
allowed estimates of global mean sea level. These
measurements are continuously monitored against a network
of tide gauges. When seasonal variations are subtracted, they
allow estimation of the global mean sea level rate. As new
data, models and corrections become available, we
continuously revise these estimates (about every two months)
to improve their quality.”
As may be inferred from the words “These measurements are
continuously monitored against a network of tide gauges.”
and “models and corrections become available”, the final
result depends more on computation than measurement.
As explained in [3], “Altimetry is a technique for measuring
height. Satellite altimetry measures the time taken by a radar
pulse to travel from the satellite antenna to the surface and
back to the satellite receiver. Combined with precise satellite
location data, altimetry measurements yield sea-surface
heights.” To make this simple, the altimeter determines the
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distance satellite-to-surface by measuring the round-trip time
of a radar pulse. From the position of the satellite tracked
against a reference ellipsoid, and some hypothesis about the
medium in between the satellite and the surface, and about
the homogeneity and statistics of the surface, there is the
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opportunity to compute the absolute sea level height, but only
along the path of the satellite, and even then subject to the
many sources of inaccuracies mentioned. Determination of
the absolute sea level height is not simple.

Figure 1. GMSL trend (from [1]) and absolute mean sea level map (image from [2]). Added to the trend map is a transverse of the Pacific Ocean Sydney to
San Francisco.

3. Role of Subjective
Calibration and Correction
The reported absolute global mean sea level (GMSL) product

includes the calibration against a network of cherry-picked
tide gauges; the generic introduction of models and
unspecified corrections; and a major correction for glacial
isostatic adjustment (GIA). The last is to account for the “fact
that the ocean basins are getting slightly larger since the end
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of the last glacial cycle” as written in [4]. “Averaged over the
global ocean surface, the mean rate of sea level change due
to GIA is independently estimated from models”.

(from [5]) and how it was revised roughly one year later
(from [6]). This administrative correction is discussed in
[26].

We would imagine absolute global mean sea level (GMSL) to
be somewhat noisy in first instance, as the sea surface is
rough and the satellite position is also subjected to
inaccuracies. This noisy signal is then manipulated to
produce consistency with the cherry-picked tide gauges and
corrected for GIA and others modelled factors [26]. This is
already enough to cast serious doubts about the reliability of
the product, but there is more. If the sea level rise trend is not
yet what is desired, a drastic one-off “administrative
correction” is introduced.

Similar drastic one-off “administrative corrections” have
been applied to other satellite-based products that try to trace
the state of the sea levels. Figure 3 below shows the
“administrative correction” to the ENVISAT product
immediately after the satellite failure. Images are from [7]
and [8].
The GMSL product is therefore something based on a very
difficult measurement which is then subjected to many
corrections including administrative “adjustments”. This
makes the GMSL result unreliable.

Figure 2 below is the GMSL as it was shown in April 2000

Figure 2. Satellite altimeter GMSL in April 2000 (from [5], left) and in 2003 (from [6], right).

Figure 3. Satellite GMSL before correction (from [7], left) and after correction (from [8], right).

4. Validation of the GMSL
Product
As written in [9], “The global mean sea level (GMSL) we
estimate is an average over the oceans (limited by the
satellite inclination to ± 66 degrees latitude), and it cannot
be used to predict relative sea level changes along the
coasts.” The reason of this claim, as explained in the same
faq, is that “Local tide gauges measure the sea level at a
single location relative to the local land surface, a
measurement referred to as "relative sea level"(RSL). Because

the land surfaces are dynamic, with some locations rising
(e.g., Hudson Bay due to GIA) or sinking (e.g., New Orleans
due to subsidence), relative sea level changes are different
across world coasts.” This contradicts the statement of the
same faq “We do compare the altimeter sea level
measurements against a network tide gauges to discover and
monitor drift in the satellite (and sometimes tide gauge)
measurements.”
If what is needed to make a comparison between the GMSL
product and the tide gauge result is an estimation of the
vertical velocity of the tide gauge instrument, this result may
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be guessed by using the satellite GPS (and possibly precise
levelling tide gauge vs. GPS dome). There is no reason why
the GPS tracking of fixed domes should produce results less
accurate than the satellite altimeter monitoring of the
continuously oscillating sea surface.
The GPS is based on a constellation of more than 30
satellites widely used for many serious applications. The
tracking of fixed GPS domes is much easier than the
measurement of the instantaneous state of the entire surface
of the world oceans, but even the accuracy on the vertical
velocities of GPS domes is still about ±2 mm/yr. As written
in [10], “For the purpose of using tide gauges to derive true
long term sea level changes, an important research issue is
the implementation of an appropriate GPS processing
strategy to estimate vertical velocities at each station with an
accuracy better than 1 mm/yr, and hopefully much better than
this within a decade or so. However, the use of GPS to
monitor vertical land motions at tide gauges has proven to be
not as straightforward as some supposed 15 years ago.
Determining rates of vertical land motion with an accuracy
better than 1 mm/yr is still a very challenging problem in
Geodesy today.”
We may then consider a transverse of the Pacific Ocean
Sydney to San Francisco passing through Honolulu (the tide
gauge measurements are only available on land) to check the
accuracy of the GMSL product.
Figures 4, 5 and 6 below shows the monthly average mean
sea levels (MSL) over the full length of the record and since
October 1992 – the same short time window of the satellite
altimeter - and the absolute vertical velocities of nearby
Global Positioning System (GPS) domes, across the Pacific,
from Sydney to San Francisco through Honolulu (MSL
image a from [11], data for MSL picture b is from [12] and
GPS vertical velocity image c is from [13]).
In Sydney the long term MSL trend is +0.65 mm/yr based on
data from 1886 to 2010, while the apparent short term MSL
trend is +3.52 mm/yr. The Fort Denison tide gauge has
latitude -33.854667 and longitude 151.225778 [13]. The
nearby GNSS stations is SYD. The SYD GPS dome has
latitude -33.78088056 and longitude 151.15038060. This
GPS dome has a subsidence of -0.46 mm/yr [13]. The most
likely absolute sea level rise in Sydney is therefore about
+0.2 mm/yr, while the apparent (the short time window
amplifies the effects on the multi-decadal oscillations to
produce sea level rates of rise smaller or larger than the
expected) absolute sea level rise in Sydney is +3.06 mm/yr.
According to the satellite altimeter, Figure 1, the absolute
global mean sea level is rising at a rate well above the global
average in front of Sydney. The absolute sea level rise from
the satellite altimeter is approaching the top of the scale of 10
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mm/yr, about 3 times what is measured by the tide gauge and
the GPS.
In Honolulu the long term MSL trend is +1.41 mm/yr based
on data from 1905 to 2015, while the apparent short term
MSL trend is +0.25 mm/yr. The tide gauge of Honolulu has
latitude 21.306667 and longitude -157.866667 [13]. The
nearby GNSS stations is HNLC [13]. The HNLC GPS dome
has latitude 21.30328737 and longitude -157.86454399. The
subsidence is -0.41 mm/yr [13]. The most likely absolute sea
level rise in Honolulu is therefore about +1.0 mm/yr, but the
apparent absolute sea level rise in Honolulu is negative and
about -0.16 mm/yr. According to the satellite altimeter,
Figure 1, the absolute global mean sea level is rising at a rate
not that far from the global average around Honolulu. The
absolute sea level rise is therefore strongly overrated.
In San Francisco the long term MSL trend is +1.91 mm/yr
with based on data from 1897 to 2015, due to an apparent
datum shift that is now claimed by NOAA to avoid
considering the data since 1854. When considering all the
data in the aligned record that is still proposed by PSMSL,
the MSL trend reduces to +1.44 mm/yr. The apparent short
term MSL trend is +0.72 mm/yr. The San Francisco tide
gauge has latitude 37.806667 and longitude -122.465. The
nearby GNSS stations is UCSF [13]. The UCSF GPS dome
has longitude -122.45814903 and latitude 37.76296721. The
subsidence is -0.94 mm/yr [13]. The most likely absolute sea
level rise in San Francisco is therefore about +1.0 mm/yr, but
the apparent absolute sea level rise in Honolulu is negative at
about -0.22 mm/yr. According to the satellite altimeter,
Figure 1, the absolute global mean sea level seems to rise
also in front of San Francisco, but the tide gauge and the GPS
tell us a different story.
It therefore appears clear that the satellite product is built to
magnify the rising trends.
Figure 7 (from [13]) is an image of the trend of sea level
change of 2008. This pattern of sea level change around the
world over the period 1993-2008 looks different from Figure
1 mostly because of the use of a different colour palette, as
the average rate of rise is about the same. It is interesting to
note that the pattern of change is quite irregular, that the
global average does not mean a lot, and that there are areas of
positive as well as negative trend, similarly to the tide
gauges’ result [14-25].
Also the map of Figure 7, similarly to the map of Figure 1, is
biased towards higher sea level rises, but has a colour palette
that does not cancel completely the impression of having
rising and falling trends.
For a more quantitative comparison of the result of the tide
gauge MSL corrected for the vertical motion of the
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instrument and the satellite altimeter sea surface height
(SSH), Figure 8 finally presents the results for Sydney and
Honolulu (for San Francisco there is no altimeter data).

Series Wizard returns the SSH data for a location, given as
latitude and longitude, averaged over a 1 degree latitude by 1
degree longitude box.

The SSH data are from [28]. The Interactive Sea Level Time

Figure 4. (a) Relative sea level rise at the Fort Denison tide gauge over the full time window. (b) Variation of 50-Year mean Sea Level Trends in the Fort
Denison tide gauge. (c) Relative sea level rise at the Fort Denison tide gauge over the short time window October 1992 to present of the satellite. (d) Vertical
position of the nearby SYD GPS dome. (MSL images (a) and (b) are from [11], data for the MSL picture (c) is from [12], GPS vertical velocity image (d) is
from [13]). The short term absolute sea level rise trend is +3.06 mm/yr.

Figure 5. (a) Relative sea level rise at the Honolulu tide gauge over the full time window. (b) Variation of 50-Year mean Sea Level Trends in the Honolulu tide
gauge. (c) Relative sea level rise at the Honolulu tide gauge over the short time window October 1992 to present of the satellite. (d) Vertical position of the
nearby HNLC GPS dome. (MSL images (a) and (b) are from [11], data for the MSL picture (c) is from [12], GPS vertical velocity image (d) is from [13]). The
short term absolute sea level rise trend is -0.16 mm/yr.
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Figure 6. (a) Relative sea level rise at the San Francisco tide gauge over the full time window. (b) Variation of 50-Year mean Sea Level Trends in the San
Francisco tide gauge. (c) Relative sea level rise at the San Francisco tide gauge over the short time window October 1992 to present of the satellite. (d) Vertical
position of the nearby UCSF GPS dome. (MSL images (a) and (b) are from [11], data for the MSL picture (c) is from [12], GPS vertical velocity image (d) is
from [13]). The short term absolute sea level rise trend is -0.22 mm/yr.

Figure 7. Trend of sea level change of 2008 (from [27]). Added to the trend map is a transverse of the Pacific Ocean Sydney to San Francisco.

The first graph presents the MSL corrected for a subsidence
of the instrument of -0.46 mm/yr in the tide gauge location of
Sydney Fort Denison (latitude -33.854667 and longitude
151.225778), plus the SSH of the 1 degree by 1 degree grid
cell of latitude -34 and longitude 151 shifted for same
starting point of the linear fitting. The satellite altimeter
returns more than double the likely absolute sea level rise,
+6.83 mm/yr vs. +3.03 mm/yr.
The second graph presents the MSL corrected for the

subsidence of the instrument of -0.408 mm/yr in the tide
gauge location of Honolulu (latitude 21.306667 and
longitude -157.866667), plus the SSH of the 1 degree by 1
degree grid cell of latitude 21 and longitude 158 shifted for
same starting point of the linear fitting. The satellite altimeter
returns an absolute sea level rise much larger than the likely
value, +1.00 mm/yr vs. -0.12 mm/yr.
For San Francisco, the Interactive Sea Level Time Series
Wizard returns a message “point with no data” when entering
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the tide gauge location.
There are therefore sea level rising trends, as there are sea level
falling trends, and the GMSL claims of Figure 1 build on

magnifying the rising trends while defocusing from the falling
trends to create what appears to be an engineered product.

Figure 8. Top: MSL corrected for the subsidence of the tide gauge in the tide gauge location of latitude -33.854667 and longitude 151.225778 (Sydney Fort
Denison) and SSH of the grid cell of latitude -34 and longitude 151 shifted for same starting point. Bottom: MSL corrected for the subsidence of the tide gauge
in the tide gauge location of latitude 21.306667 and longitude -157.866667 (Honolulu) and SSH of the grid cell of latitude 21 and longitude 158 shifted for
same starting point.

5. Conclusions
The satellite altimeter absolute global mean sea level
(GMSL) is not a measurement, but merely a computation
tuned to produce the desired output. The result is absolutely
unreliable and untrustworthy. In [14-25, 29-36] are some
references to peer-reviewed works on the reliability (or lack
of reliability) of the “absolute” global mean sea levels
contrasting the tide gauge experimental evidence. The factual
measurements of relative sea level worldwide reveal that the
sea levels have been oscillating over the last three decades
about a mild rising trend.
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