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1. INTRODUCTION 

The support provided in the GAMMA Software for the processing of NISAR L-band SAR data is 

summarized in this document. 

The NISAR satellite was launched on 30-Jul-2025, followed by the commissioning and cal/val phases. 

In early January 2026, NISAR entered its science operations phase (see 

https://science.nasa.gov/mission/nisar/mission-overview). For the adaptation of our software and for 

the data discussed in this report we used both L-band data from the commissioning phase and L-band 

data acquired in regular science mission operation. NASA is acknowledged for providing us access to 

the data. 

In Section 2 the importing of the NISAR SLC data is described, followed by an assessment of some 

data characteristics, in Section 3. In Section 4, the DInSAR processing sequence is presented.  

In Section 5, polarimetric processing of BIOMASS quad-pol. data is discussed. In Section 6, the 

mitigation of ionospheric effects is introduced. 

 

2. IMPORTING NISAR-L SLC DATA 

There are two different SLC products available. The RSLC product is the “standard SLC” in slant 

range geometry (see Section 2.1). In addition, there is the GSLC (geocoded SLC) product (see Section 

2.2) and there are higher level products. 

2.1. Importing the slant range SLC product (RSLC files) 

NISAR-L RSLC data are provided in HDF5 format. 

Mostly, the data are acquired in dual-polarization mode (mainly including HH, HV), sometimes in 

quad-pol., and sometimes in single polarization mode.  

Very often an acquisition consists of the main frequency band data set (with 20 MHZ or 40 MHz 

bandwidth, called data set “A”) and a secondary narrow-band data set (5 MHz bandwidth, called data 

set “B”) to support the mitigation of ionospheric effects. Single polarization data may be acquired at 

higher resolution, using a 77 MHz bandwidth. 

All the data and meta-data are included in a single HDF5 file (denoted *.h5. The program supporting 

the reading of the NISAR RSLC data (should also work for S-band data, but was not tested on it so 

far) is par_NISAR_RSLC. By default, all the polarizations available and all the frequency bands are 

read. An example of a command used to read the data is indicated here 

par_NISAR_RSLC NISAR_L1_A_20251025.h5 20251025 2 1 L - - 0 
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For the dual polarization acquisition with a main and secondary range spectrum bandwidth this 

generates the files 
20251025_LA_HH.slc, 20251025_LA_HH.slc.par, 20251025_LA_HV.slc, 20251025_LA_HV.slc.par (the main band) and 

20251025_LB_HH.slc, 20251025_LB_HH.slc.par, 20251025_LB_HH.slc, 20251025_LB_HH.slc.par (the narrow band) 

The command line parameters permit selecting only one of the polarizations or only the one of the 

spectral bands. The indicated root_name is complemented with L for “L-band”, A or B for the main or 

narrow band, and the polarizations (e.g. HH and HV). The output SLC can be radiometrically calibrated 

(to “beta0”, “sigma0” or “gamma0”) and noise subtraction is optionally applied. 

Subsets of NISAR RSLC images obtained using OpenSEPPO (https://github.com/EarthBigData/ 

openSEPPO) are also supported and can be read by par_NISAR_RSLC in the same way as standard 

NISAR RSLC products. 

To display the SLC we use 

disSLC 20251025_LA_HH.slc 54264 10000 2000 1. .35 0 12000 20000 

notice that the number of range pixels or azimuth lines may be above the supported size (32000), so 

limiting it to a smaller value may be necessary. 

The spectrum can be displayed using 

dismph_fft 20251025_LA_HH.slc 54264 2000 20000 1. .35 128 3 0   10000 20000 & 

We observe a non-zero doppler centroid, but no strong range and azimuth dependences. 

Checking the state vectors showed that the provided state vectors have been processed – filtering with 

ORB_filt_spline.py resulted in very small standard deviations (< 1mm) between the unfiltered and 

filtered solution.  

The offsets obtained in the geocoding refinement were small (< 1 MLI pixel). 

The range sampling of the narrow band data set differs from the range sampling of the main band data. 

So when combining the two data sets, e.g. required when applying the split-spectrum ionosphere 

mitigation technique, this needs to be considered. 

2.2. Importing the geocoded SLC product (GSLC files) 

The NISAR GSLC products are read using par_NISAR_GSLC 

par_NISAR_GSLC orig_GSLC_20260103.h5 20260103 2 0 L - - 0 

With the indicated command all the polarizations available and all the spectral bands (main band and 

if available narrow secondary band) are read. The program generates the geocoded SLC file, as well 

as an SLC parameter file and a DEM parameter file. In the case of a quad-pol. data set this results in 6 

geocoded SLC files, each one with a corresponding SLC parameter file and a corresponding DEM 

parameter file (indicating the projection information and the image dimensions): 

20260103_LA_HH.slc, 20260103_LA_HH.slc.par, 20260103_LA_HH.slc.dem_par    

20260103_LA_HV.slc, 20260103_LA_HV.slc.par, 20260103_LA_HV.slc.dem_par    

20260103_LA_VH.slc, 20260103_LA_VH.slc.par, 20260103_LA_VH.slc.dem_par    

20260103_LA_VV.slc, 20260103_LA_VV.slc.par, 20260103_LA_VV.slc.dem_par    

20260103_LB_HH.slc, 20260103_LB_HH.slc.par, 20260103_LB_HH.slc.dem_par    

20260103_LB_HV.slc, 20260103_LB_HV.slc.par, 20260103_LB_HV.slc.dem_par    
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The program multi_look_geo is used to generate multi-looked detected images for a GSLC.  

multi_look_geo 20260103_LA_HH.slc 20260103_LA_HH.slc.dem_par 20260103_LA_HH.mli 

20260103_LA_HH.mli.dem_par 2 4 0  

A DEM parameter file for the multi-look geometry is also generated. 

Interferometry with the GSLCs is supported by the programs SLC_intf_geo and SLC_intf_geo2. 

Extracting a section of the GSLC data is supported by the new program map_copy (available from the 

mid-2026 release). 

Considering the spectrum (using dismph_fft) of the complex valued GSLC data shows that the data is 

undersampled: the entire spectrum area is covered with signal. This is problematic as it reduces the 

quality when resampling the data. Potentially it may also reduce the interferogram quality. 

Furthermore, RFI filtering does not work well. 

 

3. ASSESSMENT OF SOME CHARACTERISTICS OF NISAR-L 

RSLC DATA 

3.1. Radiometric calibration and estimation of NESZ 

The SLC values read are converted to sigma0 values (ellipsoid corrected). The sigma zero values 

obtained when reading the NISAR-L data look reasonable – but we did not carefully check the 

radiometric calibration accuracy (e.g. with strong targets with a high radar cross-section).  

Using dark areas (radar shadow and smooth water surfaces) we estimated the Noise Equivalent Sigma 

Zero (NESZ) values. For a dual-pol. 40 MHz bandwidth scene we determined NESZ values of -19 dB 

at HH and -25 dB at HV polarization. Figure 1 shows the HH and HV backscatter as well as the related 

signal fraction (calculated as 𝑠𝑖𝑔𝑛𝑎𝑙_𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 0/(0 − 𝑁𝐸𝑆𝑍)). 

     

Figure 1   NISAR-L signal fraction of a dual-pol. 40 MHz bandwidth scene. Over water and other 

smooth surfaces such as some agricultural fields the backscattering coefficients 0 tends to be similar 

or even smaller than the NESZ. 

For a quad-pol. acquisition the NESZ values determined for HH, HV, and VV polarization were around 

-16 dB. 

3.2. Point target characteristics 

We did not analyze, so far, the point target characteristics in our assessment. 
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3.3. Geocoding 

We generated multi-look intensity images using 4 range and 4 azimuth looks and conducted a 

geocoding sequence, using the 1-arc-second Copernicus DEM. As part of the geocoding sequence a 

refinement was determined based on the offset between a simulated backscatter image (calculated 

based on the orbit data and the DEM) and the actual SAR backscatter. 

Using data acquired during the commissioning phase and shortly after the start of the operational data 

acquisition phase, we observed only small range and azimuth corrections in the geocoding refinement 

(smaller than one MLI pixel). These observations are also confirmed by the observed SLC co-

registration refinements. 

3.4. Radio frequency interference (RFI) 

We observed radio-frequency interference effects in several data sets over the USA, which were mainly 

obvious at cross-polarization. Spatially adaptive RFI filtering, as supported by the program 

SLC_RFI_filt, significantly reduced the RFI effects (see Figure 2).  

   

Figure 2   NISAR-L HV-pol. backscatter with RFI (left), same data after RFI filtering (center) and 

RGB composite of the data with RFI (red channel) and after the RFI filtering (green and blue channels) 

(right).  

 

4. INTERFEROMETRY (DINSAR) 

4.1. Processing sequence used and results 

We tested NISAR-L repeat-pass differential SAR interferometry using data acquired during the 

commissioning phase, as well as operational mission data acquired in 2026. Overall, the DInSAR 

processing sequence for NISAR-L is the same as for other sensors. At L-band, ionospheric effects are 

more frequent and significant than at C- and X-band and therefore, we suggest to check the data for 

the presence and level of ionospheric effects.   

A flow chart of the generalized processing sequence used is shown in Figure 3. In the following, some 

of the steps, such as the identification of ionospheric effects and the mitigation of ionospheric effects, 

are further discussed.  

An initial processing was done for a scene acquired with a 40 MHz range bandwidth, using a multi-

looking with 4 range and 4 azimuth looks. We selected the earlier scene as the reference, generated a 

multi-look intensity image (MLI) with 4 range and 4 azimuth looks, and conducted a geocoding 

sequence using the Copernicus 30m global DEM. This also included the resampling of the DEM height 

into the MLI geometry. 
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Figure 3   Flowchart of DInSAR processing sequence used. 

multi_look 20251025_LA_HH.slc 20251025_LA_HH.slc.par 20251025_LA_HH.mli 

20251025_LA_HH.mli.par 4 4 

geocoding.py 20251025_LA_HH.mli 20251025_LA_HH.mli.par Cop.dem Cop.dem_par 

20251025_LA_HH --seg MexicoCity --npoly 1 --rwin 128 --azwin 128 --nr 64 --naz 64 --lon_ovr 2 

--lat_ovr 2 

Next, we co-registered the second SLC to the reference SLC. We did this in two steps. In the first step 

we determined and applied the orbit-based transformation lookup table with only a constant refinement 

(→ --npoly 1), as well as a polynomial refinement as supported in SLC_coreg.py. 

SLC_coreg.py 20251106_LA_HH.slc 20251106_LA_HH.slc.par  20251106_LA_HH.rslc1 

20251106_LA_HH.rslc1.par 20251106_LA_HH.rmli 20251106_LA_HH.rmli.par 

20251025_LA_HH.slc 20251025_LA_HH.slc.par 20251025_LA_HH.wgs84.hgt 4 4 –npoly 1 

The outputs generated include the resampled second image as well as the lookup table and refinement 

polynomial used. In the second step we conducted an offset tracking-based refinement procedure 

between the reference and the transformed second image. This can be done using the program 

SLC_coreg_refine.py  

SLC_coreg_refine.py 20251106_LA_HH.rslc1 20251106_LA_HH.rslc1.par 20251106_LA_HH.rslc 

20251106_LA_HH.rslc.par 20251025_LA_HH.slc 20251025_LA_HH.slc.par --rstep 50 --azstep 50 

--rwin 128 --azwin 128 --n_ovr 2 --cc_thres 0.05 --offset_img 

The output includes, on the one hand, the co-registered SLC after refinement. This ensures good co-

registration accuracy, even in cases with significant ionospheric effects or large-area ground motion. 

On the other hand, the refinement offset field is generated. Significant azimuth refinement offsets in 

areas with very small range refinement offsets clearly indicate the presence of ionospheric effects. For 

a small data stack over Mexico City the range and azimuth co-registration offset fields are shown in 

Figure 3. 
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Starting from the co-registered SLCs and the terrain heights in the MLI geometry we can then run the 

normal DInSAR sequence. For the ionosphere phase estimation we do this with a larger number of 

looks to make the procedure, in particular the unwrapping, more efficient and robust. 

create_offset 20251025_LA_HH.slc.par 20251106_LA_HH.rslc.par 

20251025_20251106_LA_HH.off 1 50 50 0 

phase_sim_orb 20251025_LA_HH.slc.par 20251106_LA_HH.rslc.par 

20251025_20251106_LA_HH.off 20251025_LA_HH.wgs84.hgt 

20251025_20251106_LA_HH.ph_sim 

SLC_diff_intf 20251025_LA_HH.slc 20251106_LA_HH.rslc 20251025_LA_HH.slc.par 

20251106_LA_HH.rslc.par 20251025_20251106_LA_HH.off 20251025_20251106_LA_HH.ph_sim 

20251025_20251106_LA_HH.diff 50 50 

rasmph_pwr 20251025_20251106_LA_HH.diff 20251025_LA_HH.mli 1000 1 - 1 1 rmg.cm 

20251025_20251106_LA_HH.diff.bmp 1. .35 24 

We can then also estimate the coherence  

cc_ad 20251025_20251106_LA_HH.diff 20251025_LA_HH.mli 20251106_LA_HH.rmli - - 

20251025_20251106_LA_HH.diff.cc 1000 

rasdt_pwr 20251025_20251106_LA_HH.diff.cc 20251025_LA_HH.mli 1000 1 - 1 1 0.0 1.0 0 cc.cm 

20251025_20251106_LA_HH.diff.cc.bmp 1. .35 24 

We generate a mask for the unwrapping and unwrap the phase using mcf 

rascc_mask 20251025_20251106_LA_HH.diff.cc 20251025_LA_HH.mli 1000 1 1 - 1 1 0.2 0.05 0.0 

1.0 1. .35 1 20251025_20251106_LA.mask.bmp 

mcf 20251025_20251106_LA_HH.diff 20251025_20251106_LA_HH.diff.cc 

20251025_20251106_LA.mask.bmp 20251025_20251106_LA_HH.diff.unw 1000 1 - - - - 1 1 512 570 

430 0 

rasdt_pwr 20251025_20251106_LA_HH.diff.unw 20251025_LA_HH.mli 1000 1 0 1 1 -6.3 6.3 1 

rmg.cm 20251025_20251106_LA_HH.diff.unw.bmp 1. .35 24 

After this we interpolate gaps and apply a slight spatial filtering 

fill_gaps 20251025_20251106_LA_HH.diff.unw 1000 20251025_20251106_LA_HH.diff.unw.interp 

0 4 - 1 100 4 400 

fspf 20251025_20251106_LA_HH.diff.unw.interp 20251025_20251106_LA_HH.diff.unw.filt 1000 2 

5 0 - 0    

rasdt_pwr 20251025_20251106_LA_HH.diff.unw.filt 20251025_LA_HH.mli 1000 1 0 1 1 -6.3 6.3 1 

rmg.cm 20251025_20251106_LA_HH.diff.unw.filt.bmp 1. .35 24 

dis2ras 20251025_20251106_LA_HH.diff.unw.bmp 20251025_20251106_LA_HH.diff.unw.filt.bmp 

As result we obtain the complex valued and unwrapped differential interferogram at reduced spatial 

resolution as required for the ionosphere mitigation using the split-spectrum technique. 

If we don’t perform any ionosphere mitigation, the above procedure provides us with the differential 

interferogram. We may use smaller look numbers in the multi-looking. We may then either use the 
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lower resolution unwrapping solution as a model to unwrap the higher resolution differential 

interferogram or we may redo the unwrapping. 

If we proceed with the ionosphere mitigation we apply the above steps also to the narrow secondary 

band data. Here we may use the same number of looks in the azimuth direction and about eight times 

fewer looks in the range direction, e.g. 6 instead of 50 range looks. After the generation of the complex 

valued differential interferogram for the small secondary band we can resample it to the geometry of 

the main band multi-look data using resamp_image_par 

resamp_image_par 20251025_20251106_LB_HH.diff 20251025_LB_HH.mli.par 

20251025_LA_HH.mli.par 20251025_20251106_LB_HH.diff.resamp 1 1   

Using the complex valued differential interferograms of the main and narrow secondary bands the 

complex valued double difference interferogram can be calculated 

create_diff_par 20251025_LA_HH.mli.par 20251025_LA_HH.mli.par 20251025_LA_HH.diff_par 1 

0 

sub_phase 20251025_20251106_LB_HH.diff.resamp 20251025_20251106_LA_HH.diff 

20251025_LA_HH.diff_par 20251025_20251106_LA_LB_HH.ddiff 1 0 1 

The phase variations are typically smaller than a phase cycle and therefore the unwrapping can be done 

by directly extracting the phase values using cpx_to_real – but before doing it we mask areas with low 

coherence and areas with very low backscatter and we subtract a phase offset determined for a reference 

area to shift the phase values near zero (to avoid wrapping effects): 

create_diff_par 20251025_LA_HH.mli.par 20251025_LA_HH.mli.par 20251025_LA_HH.diff_par 1 

0 

sub_phase 20251025_20251106_LB_HH.diff.resamp 20251025_20251106_LA_HH.diff 

20251025_LA_HH.diff_par 20251025_20251106_LA_LB_HH.ddiff 1 0 1 

We calculate the coherence (if the LAT module is not available you can alternatively use cc_wave) 

cc_ad 20251025_20251106_LA_LB_HH.ddiff - - - - 20251025_20251106_LA_LB_HH.ddiff.cc 1000 

Thresholding (coherence > 0.2, backscatter > 0.05) and offset subtraction 

thres_data 20251025_20251106_LA_LB_HH.ddiff 1000 

20251025_20251106_LA_LB_HH.ddiff.tmp1 20251025_20251106_LA_LB_HH.ddiff.cc 0.2 1.01 1 

thres_data 20251025_20251106_LA_LB_HH.ddiff.tmp1 1000 

20251025_20251106_LA_LB_HH.ddiff.tmp2 20251025_LA_HH.mli 0.05 10000. 1 

ph_offset 20251025_20251106_LA_LB_HH.ddiff.tmp2 

20251025_20251106_LA_LB_HH.ddiff.masked 1000 0 570 430 5 5  

rasmph_pwr 20251025_20251106_LA_LB_HH.ddiff.masked 20251025_LA_HH.mli 1000 1 - 1 1 

rmg.cm 20251025_20251106_LA_LB_HH.ddiff.masked.bmp 1. .35 24 

cpx_to_real is then used to determine the phases of the complex double difference interferogram 

values 

cpx_to_real 20251025_20251106_LA_LB_HH.ddiff.masked 

20251025_20251106_LA_LB_HH.ddiff.masked.unw 1000 4 
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rasdt_pwr 20251025_20251106_LA_LB_HH.ddiff.masked.unw 20251025_LA_HH.mli 1000 1 0 1 1  

-0.6 0.6 0 rmg.cm 20251025_20251106_LA_LB_HH.ddiff.masked.unw.bmp 1. .35 24 

To determine a spatially complete slightly smoothed ionosphere phase estimate we apply interpolation 

using fill_gaps and filtering using fspf  

fill_gaps 20251025_20251106_LA_LB_HH.ddiff.masked.unw 1000 

20251025_20251106_LA_LB_HH.ddiff.unw.interp 0 4 - 1 100 4 400 

fspf 20251025_20251106_LA_LB_HH.ddiff.unw.interp 

20251025_20251106_LA_LB_HH.ddiff.unw.filt 1000 2 5 0 - 0    

rasdt_pwr 20251025_20251106_LA_LB_HH.ddiff.unw.filt 20251025_LA_HH.mli 1000 1 0 1 1 -0.6 

0.6 1 rmg.cm 20251025_20251106_LA_LB_HH.ddiff.unw.filt.bmp 1. .35 24 

For the estimation of the ionospheric phase screen (path delay phase) we use the unwrapped differential 

interferogram phase of the main band and the unwrapped split spectrum double difference 

interferogram phase. As derived in [1] the ionospheric phase and the non-dispersive phase can be 

written as a linear combination of the main band differential interferogram 0 and the double difference 

interferogram (H -L):    

 
𝑖𝑜𝑛𝑜,0

= 𝑥
0
+ 𝑧(

𝐻
− 

𝐿
)    and       

𝑛𝑑,0
= (1 − 𝑥)

0
− 𝑧(

𝐻
− 

𝐿
)  

with     𝑥 =
𝑓𝐻−𝑓𝐿

(
𝑓0
2

𝑓𝐻
−
𝑓0
2

𝑓𝐿
)−(𝑓𝐻−𝑓𝐿)

                and      𝑧 =
𝑓0

(
𝑓0
2

𝑓𝐻
−
𝑓0
2

𝑓𝐿
)−(𝑓𝐻−𝑓𝐿)

      

In the NISAR-L data with a main band and a narrow secondary band with a 5 MHz bandwidth f0 and 

fL both correspond to the center frequency of the main band, and fH corresponds to the center frequency 

of the secondary narrow band. The x and z factors can be calculated using the program  

ionosphere_mitigation_factors.py 20251025_LA_HH.slc.par 20251025_LA_HH.slc.par 

20251025_LB_HH.slc.par factors.txt 

for the NISAR-L data with a main band with a 40 MHz bandwidth and a narrow secondary band with 

a 5 MHz bandwidth the related factors are x = 0.51076 and z = -11.61159.  

The linear combination is calculated using lin_comb using the calculated factors 

lin_comb 2 20251025_20251106_LA_HH.diff.unw.filt 

20251025_20251106_LA_LB_HH.ddiff.unw.filt 0. 0.5107601 -11.6115924 

20251025_20251106_LA_HH.iono1.tmp 1000  

followed by a phase shifting (subtracting the phase of a reference area) to assure that the correction is 

at zero in the reference area 

ph_offset 20251025_20251106_LA_HH.iono1.tmp 20251025_20251106_LA_HH.iono1 1000 2 570 

430 5 5 

rasdt_pwr 20251025_20251106_LA_HH.iono1 20251025_LA_HH.mli 1000 - - - - -3.14 3.14 1 

rmg.cm 20251025_20251106_LA_HH.iono1.bmp 1. .35 24 

Alternatively the calculation of the factors and the linear combination can also be done using the 

program SSI_ionosphere.py (added with mid-2026 version). 
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 range offsets azimuth offsets DInSAR ionosphere non-dispersive 

Figure 4   Ionosphere identification and mitigation for interferograms over Mexico City. An important 

fraction of the phase off the differential interferograms relates to ionospheric path delay variation. 
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Figure 5   Section of differential interferogram over a NISAR-L St. Louis derived from RSLC (left) 

and GSLC (center) data sets (HH-pol. 3/15-Jan. 2026). The image to the right shows the related 

coherence product at HH-polarization. 

In the estimation of the ionospheric phase screen we typically work at a somewhat reduced spatial 

resolution (using higher multi-looking numbers) to be more robust and faster. For a data set with a 

40 MHz bandwidth we found it reasonable to use 48 range and 48 azimuth looks (similarly for a 

20 MHz bandwidth data set it would be 24 range and 48 azimuth looks)  Then after the estimation of 

the ionospheric path delay phase, for the actual InSAR analysis, we most likely want to work then  at 

higher resolution. Hence, we need to resample the estimated ionosphere phase to the higher resolution 

using resamp_image_par, before subtracting it from the higher resolution differential interferogram. 

The ionosphere mitigation procedure was applied for a small stack of scenes over Mexico City, using 

the first acquisition as reference. The related results (range and azimuth offset fields, differential 

interferogram before ionosphere mitigation, the estimated ionospheric phase screen for the pair, and 

the corrected differential interferogram after the ionosphere mitigation are shown in Figure 4. 

For an image pair acquired over St. Louis on 3-Jan-2026 and 15-Jan-2026 we compared the differential 

interferograms generated from the RSLC data and GSLC data (Figure 4). The two differential 

interferograms look very similar with local phase deviations relating most likely to water level changes 

in wetland areas and a slight overall phase ramp relating probably to ionospheric or tropospheric path 

delay changes. Furthermore, we also generated a “coherence product” by combining the HH-pol. 

coherence (as red channel) the average HH backscatter (as green channel) and the backscatter change 

(absolute value of the ratio, as blue channel), also shown in Figure 5.  

 

5. NISAR-L QUAD-POL. DATA AND POLARIMETRY 

NISAR-L can acquire fully polarimetric data in quad-polarization mode. The four polarization 

channels acquired are hh, hv, vh, and vv. The quad-polarization data are suited for polarimetric studies. 

It is, for example, possible to apply polarimetric decompositions to separate different scattering 

mechanism, as “dihedral (or “double bounce”), “volume”, and “surface” scattering. 

Reading the quad-polarization data is supported within the GAMMA Software for both the RSLC and 

GSLC products, using the normal reader programs par_NISAR_RSLC and par_NISAR_GSLC. 

For quality reasons the NISAR-L data are not acquired with the initially planned “variable PRF” mode 

but with a “constant PRF” mode. While having masked strips with no data can largely be avoided in 
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single or dual-polarization data this is not possible (so far) for quad-polarization acquisitions. As shown 

in Figure 6 both the RSLC and GSLC products have no-data areas where the signal was masked 

because it overlaps with the strong nadir return. Comparing the two products shows that the GSLC 

product includes a large fraction of no-data around the scene. The coverage of the scene has been 

somewhat cropped in the near and far range zones (so that it avoids the masked data area and the area 

in the far range where the dominant nadir return has not been masked (bright vertical stripe). 

   

Figure 6 RSLC data (left) and corresponding GSLC data of a quad-pol. acquisition over St. Louis.  

Within the GAMMA Software a range of polarimetric decomposition methods are supported. Starting 

from the quad-pol. SLC data some decompositions can conveniently be applied using the program 

quad_pol_decomposition.py. The decompositions supported include: 

     0: Scattering matrix components (HH, HV or VH, VV) 

     1: Pauli decomposition 

     2: H/A/alpha decomposition (entropy, anisotropy, alpha) 

     3: H/A/alpha eigenvalue decomposition (lambda1, lambda2, lambda3) 

     4: Cloude decomposition 

     5: Freeman-Durden decomposition with complex multi-looking 

     6: Freeman-Durden decomposition with single complex look and subsequent multi-looking 

     7: Krogager decomposition (sphere, diplane, helix) 

     8: Yamaguchi 2005, "A Four-Component Decomposition of POLSAR Images Based on the 

         Coherency Matrix" 

     9: Yamaguchi 2011, "Four-Component Scattering Power Decomposition With Rotation of 

         Coherency Matrix" 

     10: Average of Pauli, H/A/alpha eigenvalue, and Freeman-Durden decompositions 

The command used, indicated here for the Freeman-Durden decomposition with complex multi-

looking (method 5), is 

quad_pol_decomposition.py 20260103_LA_HH.slc 20260103_LA_HH.slc.par 20260103_LA_HV.slc 

20260103_LA_HV.slc.par 20260103_LA_VV.slc 20260103_LA_VV.slc.par 5 20260103 --rlks 2  

--azlks 4 --dB_scale 20 --out_dir decomp 
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One of the outputs generated is a bmp rasterfile that visualizes the “dihedral”, “volume”, and “surface” 

scattering components as the red, green and blue channels of the bmp file 

20260103.freeman_durden.Pd_Pv_Ps.bmp. Figure 7 shows a small section of the resulting 

decomposition image (left side) calculated from the RSLC data. The decomposition can also be done 

for the GSLC data. The image to the right in Figure 6 shows this for the same acquisition with the area 

shown overlapping with the RSLC based decomposition. When using the GSLC data product the DEM 

parameter file name is added to the decomposition command (--DEM_par 

20260103_LA_HH.slc.dem_par). 

   

Figure 7   Freeman-Durden decomposition calculated for a NISAR-L polarimetric acquisition over 

St. Louis, using the RSLC data product (left) and the GSLC data product (right). 

For the data we used, we observed that the quality of the HV polarization data was clearly higher than 

the quality of the VH polarization data. In our decomposition tests we used therefore only the HV 

polarization data. Using the RSLC data RFI filtering permitted removing most of the RFI effects. Using 

the GSLC data this was not possible. 

 

6. INTERFEROMETRIC TIME-SERIES ANALYSIS 

We tested an interferometric time series analysis sequence using the small NISAR-L stack of 8 scenes 

over Mexico City that was already used in the investigation of the ionosphere mitigation procedure 

(see Section 4 and Figure 3). Using the IPTA software we tested a single reference stack processing. 

For this we used the ionosphere and very wide-area scale tropospheric path delay estimates estimated 

from the stack of differential interferograms. The orbital tube was narrow during the acquisition of this 

sequence (see Figure 8). 

Point scatterer candidates were determined based on the spectral coherence estimated using the 

program sp_stat. For the obtained candidate list the point differential interferogram phases were 

calculated by subtracting (1) the estimated topographic and orbital phase (calculated with 

phase_sim_orb_pt), and (2) the imported ionospheric path delay phase. A very wide-area scale 

tropospheric path delay phase was then estimated by masking the known deformation areas, 
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unwrapping the phase outside this area, interpolating it and filtering it with a large filter window. After 

subtracting this very wide-area scale tropospheric path delay phase a single reference regression was 

applied to the remaining phase. For Mexico City, an area with high deformation rates (up to > 

20cm/year) this estimate based on few scenes (8) over a short period (7 x 12 = 84 days), with an 

estimated precision of about 5cm/year, is sufficient to clearly recognize the main deformation patterns 

present. A single iteration of the atmosphere estimates was done using the residual phases relative to 

the linear regression. 

Figure 9 shows the resulting deformation rate estimate, using a scale between -20cm/year to 20cm/year. 

The estimated error of this estimate is of the order of 5cm/year. The spatial coverage achieved is good. 

Persistent scatterer interferometry seems to work really well and is fully supported by the GAMMA 

IPTA software. With the fast deformations present in this area the 5cm/year precision achieved with 

this short time-series provides a useful quality. But for other areas with stable and slowly moving 

surfaces (e.g. with velocities up to 1cm/year) such a short time-series is not sufficient. To achieve 

mm/year accuracies, which is required for a wide applicability of the technique, stacks with more than 

about 3 years of data are required. 

 

 

Figure 8   Perpendicular baselines and time intervals of the NISAR-L stack over Mexico City, used in 

this interferometric time-series analysis. 
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Figure 9   Line-of-sight displacement velocity estimate derived from a small stack of 8 NISAR-L 

acquisitions between 25-Oct-2025 and 17-Jan-2026 over Mexico City. The estimated precision is 

5cm/year. Ionospheric effects (positional and phase delays) were estimated and mitigated. 
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