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Abstract 

Monitoring of the manifold dynamic processes on the Earth’s surface is essential for characterizing and quantify-
ing environmental changes and climate variability. Tandem-L has been proposed as a highly innovative L-band 
SAR satellite mission to provide observations and data products of unprecedented resolution, quality and revisit 
rates for the geosphere, biosphere, cryosphere and hydrosphere. In this paper we analyze the potential of Tan-
dem-L for oceanographic applications. 

1 Introduction 

With Tandem-L, a SAR satellite mission for mapping 
dynamic processes in the Earth’s biosphere, geo-
sphere, cryosphere and hydrosphere has been pro-
posed. For the flexible Tandem-L SAR instrument 
several advanced techniques like a large reflector an-
tenna, digital beam forming (DBF), Scan-on-Receive 
(SCORE) as well as so called staggered SAR with 
variation of the pulse repetition interval for high-
resolution and continuous wide-swath imaging will 
be implemented [1]. Tandem-L is driven by strong 
scientific interest in improved understanding and 
quantification of Earth system processes, which are 
relevant in many contexts such as climate variability, 
occurrence of natural disasters or sustainability. The 
mission aims at long-term monitoring of such pro-
cesses on global scale, short revisit times, high resolu-
tion and unprecedented accuracy, thereby creating 
new data products. Main objectives are the global 
measurement of 3-D forest structure and biomass (bi-
osphere), monitoring of Earth surface deformations 
(geosphere), measurement of glacier dynamics and 
melting (cryosphere) as well as high-resolution meas-
urement of near-surface soil moisture changes and 
systematic mapping of coastal zones and sea ice (hy-
drosphere) [1][2]. 

In this paper we analyse the potential of Tandem-L 
for ocean monitoring, specifically, for retrieving in-
formation on surface currents, wind fields and sea 
state. Frequent measurements of such parameters are 
needed in different contexts. For instance, the feed-
back between the atmosphere and the deep ocean 
through the surface boundary layer plays an im-
portant role in climate regulation [3] and is influenced 
by the sea surface dynamics. Furthermore, surface 
currents are counted among the essential climate var-
iables. 

2 Observation of ocean regions   

The potential for ocean observation is determined by 
the available imaging modes and by the overall ob-
servation strategy. Tandem-L data acquisition can be 
differentiated at top level after measurement modes: a 
3-D structure mode (I) for fully-polarimetric mapping 
of e.g. height, structure and density of volume scatters 
by single-pass interferometry, a deformation mode 
(II) for monitoring small displacements of the Earth’s 
surface by repeat-pass interferometry and additional 
high-resolution (wide swath) modes (III) for e.g. 
ocean monitoring or observation of natural disasters 
(floods, earthquakes etc.). These are based on various 
instrument modes and settings. The main parameters 
of the Tandem-L SAR sensors [2] are shown in Table 
1. The observation concept covers alternating phases 
of modes (I) and (II) and an interspersed monitoring 
of selected (ocean) sites in other modes (III). All cas-
es offer potential for frequent monostatic (single-
channel) imaging of many ocean regions. In mode (I) 
bistatic interferometric data acquisition, with one sen-
sor transmitting and both sensors receiving, is used 
over land areas. Bistatic acquisition is switched to 
monostatic, single-satellite operation after coastline 
crossing, to limit the high emerging data volume. 

Instrument parameter  Value 

Sensor height h  745 km 
Sensor velocity vs  7500 m/s 

Radar wavelength   23.6 cm 

Range bandwidth Brg   84 MHz 
Polarization  single (S), dual (D), quad (Q) 

Swath width s 
 

    350 km @ S/D‐pol 

 175 km @ Q‐pol  
PRF  2365 Hz 

Azimuth resolution az  7 m  @ s  350 km, S/D‐pol    

            @ s  175 km, Q‐pol 

              1 m  @ s    50 km, S/D/Q‐pol 

Incidence angle   26.3 ‐ 47.0° 
NESZ  < ‐25 dB 

 Table 1: Tandem-L main instrument parameters. 



For some small selected areas, the bistatic acquisition 
can occasionally be extended to the ocean. In mode 
(II) data are acquired monostatically. For case (III) 
both mono- and bistatic data acquisition are used. 
While wind and sea state parameter can be retrieved 
with the same techniques likewise on mono- and bi-
static data acquisitions, the method of surface current 
retrieval depends on the concrete mode (monostatic 
with one or two satellites, bistatic etc.). 

2.1 Surface current measurement 

In this section, we analyse techniques of surface cur-
rent data retrieval for Tandem-L conditions. Along-
track interferometry (ATI) uses the phase difference 
ATI between two SAR images of the same area, ac-
quired with a time lag t, to measure the cross-track 
component of the total surface current vector. The 
sensitivity to cross-track ground motion vg is given by 
ATI = 4/  t  vg  sin and t = BATI/vs/i, BATI being 
the spatial along-track baseline and i = {1 | monostat-
ic, 2 | bistatic}. As the sea surface backscatter decor-
relates after coherence time tc, t must be shorter than 
this. For a fully developed sea, tc can be estimated by 

(1), 

u being the wind speed,  the geometric mean of the 
effective, i.e. multi-looked interferogram range and 
azimuth resolutions on ground [4]. For example, azi-
muth and ground-range resolutions of az = 7 m by 
grg = 5.3 m, respectively (Brg=40 MHz, =45°) and a 
multi-looking factor of 40 in each dimension of the 
ATI phase yielded (244 m)2 resolution of the derived 
surface velocity. For this, wind speeds of 5-15 m/s 
imply coherence times of 68 ms down to 23 ms, re-
quiring BATI to be shorter than 1024 m down to 342 m 
in the bistatic (single-pass), or half of that in the 
monostatic (repeat-pass) case. It must be evaluated, 
where such along-track distances are available with 
the flown orbit configuration and acquisition strategy. 

The achievable resolution of a surface velocity data 
product derived by ATI depends essentially on the 
temporal decorrelation temp and on the SNR decorre-
lation SNR. While temp is governed by the ATI time 
lag and the coherence time, SNR is influenced by the 
NESZ and the normalized radar cross section NRCS 
of the sea surface, the latter depending strongly on 
wind speed. A simulation for NESZ = -25dB,  = 
45°, an exemplary spatial resolution of 33 m x 33 m 
of the velocity data product (image resolutions as 
aforementioned and multi-looking L=30) and a wind 
speed of 10 m/s and using the L-band VV geophysi-
cal model function (GMF) developed in [5] to obtain 

the sea surface NRCS, shows that for these conditions 
a velocity accuracy < 0.15 m/s can be achieved at ATI 
baselines from approx. 200 – 600 m in the single-pass 
case (half of that in the repeat-pass case). This can, at 
the cost of losing spatial resolution, be further im-
proved by choosing higher values for L.  

Also, the influence of the cross-track baseline BXTI, 
always being present and introducing a topographic 
phase component in the interferogram, has to be 
evaluated. 

Alternatively, the cross-track component of the sur-
face current can be obtained by Doppler-centroid 
shift analysis (DCA) on Tandem-L single-channel da-
ta. The method has successfully been demonstrated 
for various spaceborne SAR sensors including Tan-
DEM-X [6]. It exploits the deviation of the Doppler 
centroid fDC from its reference value fDC,ref  as a func-
tion of the cross-track ground motion component by 
fDC - fDC,ref = -2/ vg  sin. The achievable accuracy 
and resolution of surface velocities from DCA are 
comparable to the ones from ATI and depend on the 
accuracy of fDC,ref , on the image resolution and on the 
window size used to estimate fDC. 

Tandem-L also enables to derive the total, i.e. 2-D sea 
surface velocity vector. Recently, the maximum cross- 
correlation (MCC) technique has been demonstrated 
for the TanDEM-X pursuit monostatic mode [7]. It is 
based on tracking similarities of the sea surface 
NRCS of two SAR images acquired with a time lag 
of several seconds in between. Hence, this method is 
suitable for Tandem-L acquisitions with larger along-
track baselines in the order of tens of km. The mini-
mum current speed that can be derived this way is 
determined by the image resolution and by the time 
lag. 

More detailed results on the analysis of the achieva-
ble surface current data accuracy and resolution with 
respect to Tandem-L parameters are presented at the 
conference. 

2.2 Wind data and sea state retrieval 

Here, we look at the potential for the retrieval of 
meteo-marine parameters with Tandem-L. Various 
schemes to extract such data from (but not exclu-
sively) L-band SAR have been developed. 
 
Wind speed estimation is based on spatially aver-
aged measurements of the normalized radar cross 
section [5][8]. Empirically derived GMF are used 
to relate local wind conditions and imaging geome- 
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Figure 1: Demonstration of multiple ocean parameter retrieval from bistatic interferometric SAR satellite data (Tan-
DEM-X) for the Fehmarn Belt, Germany, Jan. 30th, 2016: Surface velocity (cross-track component) extracted by ATI, 
wind speed from backscatter and significant wave height from image spectrum (left to right). 
 
 
try to NRCS values. Since the NRCS characteristic 
depends on radar wavelength and polarization, the 
GMF needs be specific for it and even for the SAR 
sensor. A GMF for L-band, HH polarization, wind 
speeds of 0-20 m/s and incidence angles of 17°-43° 
has been derived for ALOS-PALSAR, admitting 
wind speed estimates of ~2 m/s accuracy [9]. In L-
band, co-polarized, preferably VV data are best 
suited for wind speed retrieval, as they show signif-
icant higher NRCS over ocean than cross-polarized 
data [10]. The quality of the SAR-derived wind 
speed also depends on the noise level and the radi-
ometric sensor calibration. For optimal results, 
thereby also regarding the ten-year mission life-
time, it is desirable to develop a Tandem-L specific 
GMF. This would be supported by an observation 
concept that, from the beginning, includes as many 
as possible ocean acquisitions in dual- (HH/VV) or 
single-pol (HH, VV), which also allow for a broad 
swath width and a large range of incidence angles 
(26.3°- 47.0°). The latter is obtainable probably at 
higher latitudes. 
 
The estimation of sea state parameters like signifi-
cant wave height Hs as well as of dominant wave 
period DWP and direction DWD from SAR exploits 
signal intensity modulation and evaluates the image 
spectrum of sub-scenes. This is done either by de-
signing modulation transfer functions (MTF) for 
wave spectra, followed by integration and estima-
tion of the parameters, or, by direct estimation from 

the image spectra using empirical functions as 
shown e.g. in [11] for L-band (ALOS/PALSAR). 
The often applied MTF approach usually involves 
high-resolution wind speed data, which, by the 
way, are also needed to correct measured surface 
velocities for wave motion. This highlights the im-
portance of combined sea surface parameter re-
trieval from the same Tandem-L data acquisitions. 

2.3 Demonstration with TanDEM-X 

The great potential of Tandem-L for ocean monitor-
ing and meteo-marine parameter retrieval can be 
demonstrated using the on-going TanDEM-X mis-
sion. Figure 1 gives an example, in which different 
ocean parameters were extracted from the same Tan-
DEM-X bistatic interferometric data. Using ATI, the 
cross-track component of the total surface velocity 
vector has been measured at gridded positions (left). 
The monostatic image of the co-registered SSC 
(CosSSC) pair was used in parallel to extract wind 
speeds and significant wave heights from the NRCS 
and from locally calculated wave spectra, respective-
ly, for the same data grid [12]. The wind speed data 
were used for a local correction of the estimated sur-
face velocity for wave contributions. In fact, com-
bined ocean data products like this, regularly re-
trieved with Tandem-L, would be of high value for 
the ocean and environmental science communities. 



3 Conclusions  

The rapid development of the satellite techniques, 
SAR sensors, SAR processors, information extrac-
tion algorithms and ground infrastructures enabled 
a series of oceanographic applications during the 
last years, some even with near real-time (NRT) 
capability. Different kinds of data layers like wave 
parameters, surface wind speed and currents can be 
extracted in parallel from the same imagery. Be-
yond using them as separate data products, the dif-
ferent information layers can beneficially be com-
bined to improve their quality. For example, the 
high-resolution SAR wind data can be used to cor-
rect the extracted surface velocities for wave mo-
tion. Furthermore, combining the data layers with 
additional information from the same acquisitions 
like ship detections supports maritime situation 
awareness (MSA) applications. The algorithms de-
veloped for these purposes for X- and C-band are 
integrated currently into prototype processors 
[13][14], which can be extended for Tandem-L. 
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