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Abstract 

In 3D SAR Tomography (Tomo-SAR) for forest monitoring, the issue of characterizing parasitic temporal decorrelation 

phenomena has emerged, especially for spaceborne missions. In particular, advanced tandem (formation-flying) Tomo-

SAR concepts, with track-pair only processing, conceived to bypass the long-term decorrelation, can be affected by wind-

induced layered short-term (fractions of second scale) decorrelation phenomena. Here, a methodology is reported for new 

4D (3D+Time) analyses of forest temporal decorrelation by a fast acquisition ground-based miniradar array. Real data 

results are presented, developing characterizations of both height- and time-varying short-term decorrelation that can be 

useful for the new tandem Tomo-SAR techniques. 

1 Introduction 

Advanced spaceborne 3D Tomographic SAR (Tomo-SAR) 

missions based on companion/tandem (i.e., formation-fly-

ing) configurations are emerging for remote sensing of for-

ests [1-10], playing an important role in the carbon cycle 

and in the global warming issue. In fact, this implementa-

tion of Tomo-SAR, obtaining the height profile from a se-

quence of track-pair only coherence data [6,7], bypasses 

typical long-term decorrelation issues of repeat pass mon-

ostatic SAR configurations [2-5,11,12].  

However, because of safety/orbit control issues, the for-

mation satellites do not pass exactly simultaneously [13]. 

In this framework, decorrelation phenomena acting at the 

short-term [14] (fractions of second) scale can still affect 

tandem Tomo-SAR processing [15], because of the com-

mon case of the volumetric scatterers complexly moving in 

windblown forests. This occurs depending on the for-

mation-flying configuration time-lag design [14]; Tan-

DEM-X is immune thanks to the very short time-lag. Also, 

it is noted that the tomographic blurring sources are height-

localized [2,11]. 

Investigation of height-varying characteristics of such par-

asitic short-term decorrelation processes has not yet been 

covered by ESA tower array radar campaigns [2]. In fact, 

beyond TropiScat results being also height-blurred by 

short-term decorrelation itself, finest temporal analyses of 

the more advanced BorealScat [16] are at some seconds, 

and more recently sub-second, scale, in the latter case yet 

not range-resolved; also, they all are basically of ensemble 

kind being sensibly height-integrated.   

In this work, advanced analyses of forest short-term decor-

relation are thus reported. 

2 Methodology and experiment 

A methodology is in particular delineated for new analyses 

of 4D (3D + Time [8,9]) Differential Tomography type of 

forest short-term temporal decorrelation phenomena. It ex-

ploits a ground-based X-band 20 channels FMCW minira-

dar array (ack. to IDS Italy), placed vertically, as it is 

shown in Figure 1, left. 

This miniradar, in particular, has very quick acquisition ca-

pabilities (up to 1000 array firings per second), thanks to 

the dedicated hardware, which is of industrial level [15]. 

The related processing concept for the 4D short-term 

decorrelation analyses comprehends two steps. The first 

step consists in performing multiple vertical array beam-

formings for height focusing of each range-compressed ar-

ray acquisition; the obtained height resolution at the short 

ranges of interest is of 2 m. After that, the second step car-

ries out height-by-height statistical analyses along the tem-

poral domain, with the quick sampling, here of 10 ms; the 

statistical averaging is both of temporal and range mul-

tilooking kind. 

With this methodology, we develop characterizations of 

both height- and time-varying behaviours of the short-term 

decorrelation; in particular, important measures are height-

varying coherence times, height-varying short-term coher-

ence levels, and height- and time-varying Doppler shifts.  

Noteworthy, these characterizations, beyond complement-

ing ESA Borealscat results, also represent height-depend-

ent extensions of classical radar clutter analyses [17].  

The above mentioned quick 4D acquisition system and the 

related analyses methods have been applied in a representa-

tive experiment for a stand of elms and poplars trees in It-

aly (UniPi PisaScat experiment), shown in Figure 1, right. 

The data were acquired in two different wind conditions 

(light air and light breeze, Beaufort scale) and seasons 

(early autumn and winter). 

3 Measurement results and 

discussion 

A few representative results are reported here, for the au-

tumn acquisition. Figure 2 shows advanced height-varying 
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Doppler spectra estimates, for the light breeze condition. 

The increasing velocity of the random motions of wind-

blown branches and leaves with higher heights is apparent, 

see the increasing Doppler bandwidths.  

In the case of a lighter wind velocity (light air) narrower 

Doppler bandwidths result (not shown here). 

These different bandwidths correspond to different short-

term coherence times (for the coherence to decay to a 

steady-state), through the well-known signal bandwidth-

coherence time relation. A result for the light breeze case 

is in Figure 3. Noteworthy, the coherence time sensibly 

varies along the trees layers, decreasing with higher 

heights; moreover, the decorrelation time scale is of small 

fractions of second.  

These height-varying short-term coherence times (possibly 

approximately carrier-frequency scaled [17]) can be useful 

to state if the short-term decorrelation issue influences a 

Tomo-SAR tandem satellite system, according to its for-

mation-flying time-lag [6,13], or if this issue can be ne-

glected.  

Figure 4 reports a direct autocorrelation function measure 

of the scattering at very short sampling scale, here for a 

specific height, and still the light breeze case. It represents 

a physical view of the height-varying short term decorrela-

tion process, and a confirmation of the above Doppler-

based coherence time results. 

A result of height-varying short-term (steady-state) coher-

ence level measurement is shown in Figure 5, for the light 

air case.  

For the light breeze, the coherence levels (not shown here) 

are further reduced, as expected.  

These height-varying coherence levels can tell about influ-

ence degree for tandem satellite Tomo-SAR.  

As a comparison with the first illustrated height-varying 

Doppler spectra (see Figure 2), an ensemble (height-inte-

grated) Doppler measurement has also been carried out, for 

the same light breeze wind condition, and is reported in 

Figure 6. Apparently, the ensemble Doppler spectrum re-

sults mostly sensitive just to the lower (less critical) heights 

(see the similar bandwidth of the lowest height plot in Fig-

ure 2).  

Other findings, in particular time-varying height scattering 

profiles and (sliding window-based) mean Doppler shifts 

under wind gusts, the latter for the different heights, will 

be presented at the conference, together with other acqui-

sition system, scenario and methodology details.  

4 Conclusions 

These advanced characterization concepts exploiting spe-

cial radar measurements proved to be effective, highlight-

ing and developing estimation of Tomo-SAR parasitic ef-

fects constituted by the forest short-term temporal decorre-

lation.  

The reported and the other mentioned findings are indica-

tive, and may already represent first phenomenological 

cues. In particular, obtained results are already significa-

tive for X-band, some approximately scalable e.g. to C-

band, for which X-band is a proxy. Noteworthy, X-band 

has also an inherent value [6], as well as C-band [7,16], for 

TomoSAR forest and crop applications.  

The methodology and the findings may be useful for cur-

rent Tomo-SAR and also Pol-InSAR [3] analyses, and 

most importantly, for development or definition refinement 

of the operative envelope of the emerging tandem satellite 

programs and mission concepts; examples are LuTan-1, al-

ready operative (as TanDEM-X), the NASA DART and 

SAOCOM-CS-like system concepts [13], currently being 

developed, and ROSE-L companion satellites. 

Concerning possible future research, also accounting for 

some complexity in scaling the coherence levels, another 

quick 4D miniradar experiment is being considered at a 

lower frequency (S-band). 
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Figure 1  PisaScat quick array miniradar (left), and acqui-

sition scenario, autumn (right). 

Figure 2  Normalized Doppler spectra from bottom to top 

height inside the canopy, 9 m height difference.  

Figure 3  Short-term coherence times (ms) at different 

heights inside the canopy.  

Figure 4  Short-term autocorrelation function at halfway 

height inside the canopy, ms scale.  

Figure 5  Short-term steady-state coherence levels at dif-

ferent heights inside the canopy. 

Figure 6  Normalized ensemble Doppler spectrum. 
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