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SUMMARY
The Monarch-A annual sea level model is currently available for download at the Technical University
of Denmark, DTU Space official website, but will shortly become available at the Monarch-A website as
well. The official web address is
ftp.space.dtu.dk/pub/MONARCH-A/ANNUAL
Here the MONARCH-A annual model is available as amplitude and phase fields as well as cosine and
sine fields (for correct interpolation). All files are named MONARCH-A_ANN.xxx
The MONARCH-A Annual model is available as model where there is correction made for annual
variations in the “weight” of the atmosphere and a model which is uncorrected for the atmosphere via
the inverse barometer correction (IB). The IB corrected model has been corrected and the NoIB model
is un-corrected. Dependent on the application the correct version of the model should be used. The
model is available in 1 degree resolution in two file formats. The .grd ASCII file format and .xyz ASCII file
format.
The .grd file format is the GRAVSOFT file format often used by the Geodetic community. The file
contain a header and a data block. The header contains info on min latitude, max latitude, min
longitude, max longitude, delta latitude and delta longitude. The number of elements in the grid is
calculated from:
N_lat =(max latitude – min latitude ) / delta latitude + 1
N_lon =(max longitude – min longitude ) / delta longitude + 1
Subsequent the data are stored starting in upper west corner (max latitude, and min longitude) in a
scan line fashion where the first N-lon elements are the first latitude line and so forth for the next
latitude line.
The .xyz file ASCII format.
All fields are also available as a ASCII line file format which can be imported into most commercial
programs. The file contains on each line:
Station id, latitude, longitude, height, model
Normally the station id and height (set constant to 0.0) is not used and only the latitude, longitude and
model value is read.
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Deliverable in framework of MONARCH-A project

1.1 Main objectives of MONARCH-A project
The Arctic and northern hemisphere high latitude regions experience significant changes during past
few decades, associated with climate change. Arctic itself is an important part of the climate system,
and changes that occur in this region, in turn, influence the rest of the Planet.
Due to harsh environmental conditions and inaccessibility of some of the Arctic areas, especially
during the winter, there is a lack of consistent historical and modern observational data. As a result,
our understanding of Arctic climate related processes and ability to predict consequences of changes
in this region for Europe is limited.
The ultimate objective of the MONARCH-A project is to provide the scientific community with subset
of multidisciplinary Essential Climate Variables for the Arctic region. The information package will be
based on generation of time series of observation datasets and reanalyses of past observational data
enabling adequate descriptions of the status and evolution of the high latitude and Arctic region
Earth system components.

1.2 D2.2.2 The annual-decadal modifications of the mean sea surface data
time series for the satellite period (1993-2008)
Due to seasonal ice coverage many areas of the Arctic Ocean can only be surveyed from satellite
during part of the year. This makes studies of sea level variations difficult due to the annual variation
in sea level as a result of summer heating and winter cooling. The signal has a magnitude ranging up
to 15 cm in Arctic Ocean which is much larger than the 1-4 mm/year linear sea level trend that is
investigated in this work package. In order to improve the determination of the linear sea level the
annual signal must consequently be modeled and removed from the seasonal sea level observations
in order not to remove this false signal.
Such a model for the annual variation in sea level can not be derived from satellite data alone and
hydrodynamic modeling must be introduced in order to get observations from all periods of the year.
For the Monarch-A project a new global model for the annual sea level variation called (DTU10ANN)
have been developed by merging hydrodynamic modeling and satellite altimetry. The annual-decadal
modifications to the mean sea surface data time series is consequently based on ERS, ENVISAT and
ICESat data for the satellite period (1993-2008) and integrated with a hydrological model (a version
of the German ECCO model covering part of the satellite period.

D2.2.2_modifications of the mean sea surface data time series

Page: 6/12

MONARCH-A
MONitoring and Assessing Regional Climate change in
High latitudes and the Arctic
Grant agreement n° 242446

Ref: D.2.2.2
Date: 05/09/2011
Issue: 0.1

2 Results
For the Monarch-A project a new global model for the annual sea level variation (DTU10ANN) have
been developed by merging hydrodynamic modeling and satellite altimetry. This model will then be
applied to the satellite altimetry from ENVISAT and ICESAT for the subsequent studies of sea level
variations in the Arctic region.

Figure 2.1 Amplitude of the annual sea level variations from satellite, tide gauges and three
hydrodynamic models in the Arctic ocean. The upper row shows the estimates from Envisat, ICESat
and from tide gauges (amplitudes are given in meters). The lower row shows the estimates from
(GECCO (U. Hamburg), UW/PIOMAS (Universiy of Washington) MICOM (Nansen Center)
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Figure 2.2 Phase of the annual sea level variations from satellite, tide gauges and three
hydrodynamic models in the Arctic ocean.
The upper row shows the estimates from Envisat, ICESat and from tide gauges (phases are given in
degrees) The lower row shows the estimates from (GECCO (U. Hamburg), UW/PIOMAS (Universiy of
Washington) MICOM (Nansen Center)

2.1 Data and Models
The estimate of annual sea level variations in Figure 2.2 and 2.1 were done from a number of various
independent sources in order to study the consistency between the estimated annual sea level
variation in order to derive the optimum model. Hydrodynamic models includes:
•
•
•

GECCO – a part of ECCO (National Ocean Partnership Program (NOPP)) (1992-2004)
MICOM from Nansen Environmental and remote Sensing Center (1992-2005)
PIOMAS from University of Washington ( 1978-2004)

Tide gauge in the prime in-situ data for validation of hydrodynamic model and satellite altimetry.
One of the further aims of the study is to study sea level variation before the satellite era and for this
the tide gauge data are of fundamental importance.
The tide gauge data are specifically important for calibration and validation of both satellite
altimetry and hydrodynamic models. Tide Gauge data from the Permanent Service for Mean Sea
Level (PSMSL) has been gathered in the Arctic region since 1933 and up to 57 gauges are available.
However, this comparison in determining the annual amplitude and phase lead to the removal of
three tide gauge stations located in major Russian rivers and thus being more representative of the
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annual variation of the river level than the sea level of the Arctic Ocean. Note how the phases oft he
tide gauges agree well with the results obtained from GECCO. The amplitude of the tide gauges are,
however, nearly a factor too small as estimated by GECCO compared with tide gauges.
ENVISAT radar altimetry from 2002-2009 were used for latitudes below 82°N (from RADS database)
and the timeseries was complemented with ERS-2 data to extend this data period back in time to
1995 to 2002 (from RADS database).
ICESat laser altimetry from 2004-2008 were used to augment radar altimetry in the partly icecovered parts of the Arctic Ocean (70°N - 86°N, 100°E - 270°E) and at latitudes above 80°N in all of
the Arctic Ocean in order to extend the altimetry region towards the North Pole. ICESat is generally
difficult to use as only 17 monthly periods have been made available to the user community.
Amplitude and phase variations from ENVISAT and ICESat reveals large problems in determining the
phase and amplitude from particularly ICESAT due to the problems of radar return from ice as well as
the non-continuous operation period of ICESat

2.2 Zonal Computation
The seasonal variations in sea level was computed for all datasets using the following formalism
where the height of the sea level from a model or satellite is estimated using a model containing four
parameters describing the time series of sea level anomalies as a mean plus a trend plus an annual
signal as:
dh(t) = Mean+ trend + cos_fac*cos(t)+ sin_fac*sin(t)
Phase and amplitude can be found from the cosine and sine factors as:
Amplitude = sqrt(cos_fac^2 +sin_fac ^2)
Phase = 360*ATAN(cos(lat,lon),sin(lat,lon))/2π
The DTU10ANN has been calculated by adjusting the GECCO model zonally to satellite altimetry. This
approach was taken as only a hydrodynamic model provide global coverage and coverage in the
entire Arctic Ocean.
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Figure 2.3The zonal average of satellite altimetry and the GECCO model and subsequently of the
optimum Monarch-A model integrating GECCO with satellite altimetry globally.

Amplitude and phase are frequently different to that derived from satellite altimetry data and
subsequently a zonal correctional scheme was derived to adjust the GECCO annual signal to the
signal derived from satellite altimetry for the period 1992-2009. This scheme is shown in Figure 2.3.
GECCO was chosen for the development of the Monarch-A seasonal sea level variation model, as it
compared favorably to both tide gauges and altimetry data from TOPEX/JASON (+-66deg), ERS2/ENVISAT (+-82) and ICESAT (+-88).

2.3 Monarch-A Annual sea level adjustment model
The Monarch-A/DTU10ANN model for adjusting the satellite observations in the Arctic ocean for the
annual variations in sea level was finally calculated by adjusting the GECCO model with satellite
altimetry from Envisat in an optimal way. This is because only a hydrodynamic model and give global
coverage in the Arctic Ocean.
The result presented in figure 2.1 and 2.2 clearly indicate that with respect to determining the
annual variation in sea level the GECCO model proved to be the best compared to altimetry data
from TOPEX/JASON with respect to phase (+-66deg), ERS-2/ENVISAT (+-82) and ICESAT (+-88) and
consequently the phase of this model was used for the DTU10annual model. As the amplitude of the
GECCO model was nearly half of that from satellite altimetry and tide gauges it was decided to trust
satellite altimetry and tide gauges and perform a zonal correctional scheme in which the amplitude
of the GECCO model was adjusted leaving the phase unchanges hereby adjusting the GECCO annual
signal to the amplitude signal derived from satellite altimetry for the period 1992-2009.
The Monarch-A The model is made available for both correcting observations (typical tide gauges
and many models) made of the “true physical sea level” and observations (typical satellite altimetry)
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or sea surface corrected for the effect of atmospheric pressure sea surface (noIB) and the resolution
is 1 degree by 1 degree.

Figure 2.4 The Monarch-A / DTU10ANN annual sea level modification model for the MONARCH-A
project. Amplitudes (in meters) are shown in the figure to the left and phase (in degrees) are shown
in the figure to the right.

2.4

Model download

The Monarch-A annual sea level model is currently available for download at the Technical University
of Denmark, DTU Space official website, but will shortly become available at the Monarch-A website
as well. The official web address is ftp.space.dtu.dk/pub/MONARCH-A/ANNUAL
Here the MONARCH-A annual model is available as amplitude and phase fields as well as cosine and
sine fields (for correct interpolation). All files are named MONARCH-A_ANN.xxx
The MONARCH-A Annual model is available as model where there is correction made for annual
variations in the “weight” of the atmosphere and a model which is uncorrected for the atmosphere
via the inverse barometer correction (IB). The IB corrected model has been corrected and the NoIB
model is un-corrected. Dependent on the application the correct version of the model should be
used. The model is available in 1 degree resolution in two file formats. The .grd ASCII file format
and .xyz ASCII file format.
The .grd file format is the GRAVSOFT file format often used by the Geodetic community. The file
contain a header and a data block. The header contains info on min latitude, max latitude, min
longitude, max longitude, delta latitude and delta longitude. The number of elements in the grid is
calculated from:
N_lat =(max latitude – min latitude ) / delta latitude + 1
N_lon =(max longitude – min longitude ) / delta longitude + 1
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Subsequent the data are stored starting in upper west corner (max latitude, and min longitude) in a
scan line fashion where the first N-lon elements are the first latitude line and so forth for the next
latitude line.
The .xyz file ASCII format.
All fields are also available as a ASCII line file format which can be imported into most commercial
programs. The file contains on each line:
Station id, latitude, longitude, height, model
Normally the station id and height (set constant to 0.0) is not used and only the latitude, longitude
and model value is read.

2.5 References / Acknowledgement.
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ECCO model and GECCO model via http://www.ecco-group.org/
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