Along track repeat altimetry for land studies : application to ice sheets.
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Abstract : Satellite altimetry is the unique possibility fantinuous and extensive survey of the large pofisheets volume change. With o 0r__105 10618 110 The Vostok lake area is 900 km inland on the It's extremely cold area with
! 0 1 18 110
ERSL it became possible to measure the surfaceaploy of 80% of the Antarctic and quite all of Besenland ice sheets with an 76— = 76 precipitations and not much wind. It is very fléeathe ice floats on a subglacial lake. The expeict
r | variations of height are very small, of the ordefew cm variations at the yearly scale, less \imies is

unprecedented accuracy. The accuracy of the cidsaidar altimeter measurements over continentédses is however limited by a numbs
of factors of which the first is the topographidirced error (commonly called slope induced ertlargddition volume echo induce
penetration effect on the altimeter waveforms. Hmeporal survey of the surface height is classiaatade using crossover points differendes

expected in trend or longer term. Therefore theptanal variability in the area can pretty much besidered
as the measurement noise level.

in order to limit the ic induced the ts show as to wkoho induced errors between
ascending and descending tracks. A method hasdeeroped at LEGOS to survey along track by taking account the fluctuations across T 77
track of both the height and the This method has the the PO A
difference in echoing and also to lead to more available to sur . It also helps to look at the [ This map represents the variance of the heighatreris as measured by ERS2 over
time evolution of the ice sheet surface at smallescof the order of few km in regional or localdies. In this presentation, we'll show the j 82 cycles or 8 years.
principle and aspects of the methods and the imipdetms of accuracy and local signal. We showlieations on Antarctica and Greenlan(, T At this stage, the p consist of L and applying

78 78 essential corrections for orbit, atmosphere, dapple

using ERS and Topex. The development of a systeroatiection to be included in ENVISAT productsaR level is discussed |

For mapping we computed the square root of theamae which is expressed in
meters here. One understands that the obtainesl sigvery large while the actual
surface height signal is expected to be nearly nil.

Still the lake area appears in blue where the sargiope limits the across track
effects.

Principle: Along track repeat altimetry consist in consideréwgry single point of measurement along the stdtiack and computing
the time series of each of these individual points.

The orbit of satellite altimeters in repeat modedastrained to fit in a limited range of acroseckr repeat position. For example ERS in 35d
repeat mode is constrained to be in a +-1km arobecominal track. This mean that if we plot theewt tracks nadir position we obtain a
distribution of measurements in a 2km wide bands Bfze is similar in size to the first impact bétradar altimeter echo. Thus over ocean
most studies consider it exact repeat and areffestted by across track variations in topographyoivtare negligible. Over land surfaces, it is
not the case. First if the across track slope i&fim{that is a small value over lands and very agerover ice sheets) a displacement across
track induces a 1m in the is not a simple slope but incluclesature and undulations at small
scale, the effect becomes rapidly annoying forinkerpretation of time series. What we developeahisinalysis of the data that try best
estimate the signal from across track and alorzk tdisplacement to remove it and be able to wotk tiie time series with the less possible
contaminations of these effects.

Another annoying point when using radar altimetvgroice caps and radar penetrating surfaces ighaturface to volume change with time N ” " s
depending on the surface state. The measured hisititen variable according to the surface statenfororoughness) variations or other Computing and removing the geographical function
volume echo intensity variations (linked to tempere changes impacting the medium’s absorptiong. fBtracking that we use (ENVISAT
ICE-2 or equivalent for ERS) describes the altimasurn through 4 main parameters : The height (8 intensity of the Backscatter (Bs),
the Leading edge width of the echo (LeW) and tradlifig edge Slope of the echo (TeS). The last aipaters describe the shape of the radar

echo and help detect physical of the height We use the sieries of the 3 parameters to

estimate this impact and correct for it in ordereoover height variations the most possible raprive of the actual surface height

variations. This map represents the same quantity as abovepettat the height has been
Method: corrected for the non exact repeat

The color scale has been changed to show the digttar. The improvement is
dramatic showing that the main signal present éntieasurement relates to the
topography at small scale. But still the noise lévémportant. It is noticeable that
there is no more of the lake feature, which
means the correction made the topographic induced eery weak.

The first step of the processing is to stack tipeaé segment so as to have all the repeat of dneipmne rectangle of 2km by 350m
(which is the along track distance between sucvesseasurements).

Then we evaluate the geographical function of txemeter variations (H(lon, lat), Bs(lon,lat), LeW{jat), TeS(lon,lat)).

Then we take the time series and remove the gebigaromponent.

The next step is to estimate the dependency di¢fght in the other parameters.

Then we remove the effect of radar echo shapetiania

When we fit and remove an annual cycle and a triedmap change slightly, but
it's clear that these expected signals are veryllsand that time variations related
to surface height change do not impact the variamckthat we still have an
important noise level.

Topex measurement of the surface height trend Advantage of this method:Classically, mainly crossover
. point analysis have been used over ice caps torirent the
over South Greenland. difficulty of this geographical height variatiorut taking
only the crossover points dramatically limit thewher of
measurements used in the analysis. In additidrastbeen

" 2o found that the combination of the volume echo,athieneter T - -
R ; T B € R D ST s " After removing the effect of echo shape variatighs, ‘
« induce between and variability drops to another lower level
height at the which limits the precisi a
analysis. The along track repeat method allowsstoas many
as 100 times more individual measurements overratita. It 3 :
. increases the ratio of the to P L1
increase the spatial resolution of the studieslsth authorize to :
work locally along track to seek for local scalepbmena Removing a Removing
much better than the sparse crossover points. Greenland trend and an
with Topex 10d repeat as many as 350 repeats ooceach | | radar echo
point which allowed previous studies using this moeltto annual cycle shape -
accurately follow the southern ice divide migratiéigure p it B
2 below and Legresy et al. 2001). riations
i " Limitations : This method needs that the satellite be in a repeat
i phase. This means for example that the ERS1 gequistise
period cannot be used in this kind of analysis. fiime series 78
are then limited. However, the ERS2 time seriesaltewed
by ENVISAT. The ERS2 time series show 8 year loatidv
data which are followed by ENVISAT until now. \
. i <0
o 00 02 04 06 08 P I —,
The 8 tracks studied are displayed over the Greenland topography on the top plate. The 8/ LILA (Land Ice Level Anomaly)
corresponding surface height trends as measured by Topex are displayed on the eight 5 I (or LLA, Land Level Anomaly?)
other plates from top to bottom as from north to south. The trends are drawn in pink for NI
Ku Band and in blue for C Band. The geodetic surface height is also diplayed in red. 4 ohitity (i With this method, it is possible to compute the gewection (correction for the across track shituced
B\ RIS, WLl ({m ) e i for the range for the echo shape parameters. It is alssipie to
altimetric measurements compute the echo correction (correction for ectapshvariation with time) for the range measuremighe.
a) Raw, b) after the geo correction is corrected range would have tottaage_corrected = range(from GDR) + geo_H + echo_Hhe corrected
: backscatteBs_corrected = Bs - geo_Bshe corrected leading edge widteW_corrected = LeW— geo_LeW
applied, c) after both geo and echo and the trailing edge slopeS_corrected = TeS — geo_TeS
Finally the processing has been applied to the evhol JEERESST corrections are applied We observed that these difficulties to cope with ieight measurement over land ice and land inrgene
Antarctica and Greenland ice sheets allowing st the i prevented the use of altimetry over these surf@aesay outside liquid water surfaces) by a largersific
community.

The kind of product that could be distributed testists outside the very small community of laittéheetrists

maps bellow with a resolution of 10km. Essentiatdees are
can be called LILA as

visible, like the vast recession of the ice inwest Antarctic
marine glaciers, but also in some place of easarktita, like
the cook ice shelf drainage, the Totten glaciergladiers in
East Dronnig Maud Land. There are also some area of
significant thickening in west Antarctica accumidatzone
next to the Transantarctic Mountain and in largesue East
Antarctica. The Greenland ice sheet shows a almdbtrend
over most of the high altitude interior, a positiet not
strong trend on the southern half plateau. It sheves of
glaciers basins with negative trends in agreeméht w
observed dynamical trends of these glaciers.

LILA = H — Href — geo_H — echo_H.

Where H would correspond to the classical Heigfer ke ocean (including all classical correctiodgf is an
equivalent to the MSS, angbo_Handecho_Hare the corrections discussed in this poster.

Itis then possible to distribute an along trackdrct. It is also much easier to make anomaly rfraps this
along track product. It is also possible to disttébalong track corrected echo shape parametersi@r to study
the surface characteristics evolution.
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Itis possible (as we did here) to compute theseections (geo and echo) along track after a mininaf 35
repeat measurements have been achieved (in ordeoin aliasing in the distribution of ground trackeasonal
and intra seasonal signals, mathematical adjustmprithe graph below shows the number of repeat
measurements available over Greenland from ENVI8ATK by track. It means it's now possible to sthis
computation for ENVISAT.
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