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RC: Reviewers’ Comment, AR: Authors’ Response, □ Manuscript Text 

 

AR: Dear Prof. Bookhagen, 

Thanks so much for your interest in our work and your valuable comments. We really appreciate 

the time you took to share your suggestions. Your insights have greatly helped improve our 

manuscript, and we're truly appreciate the time you devoted to this manuscript. 

Kind regards, 

Huang and Sinclair 

 

RC: This manuscript describes an interesting and creative approach to measure sediment-height 

changes using radar-interferometric time series analysis. The author attempt to exploit the high 

temporal resolution of SAR data to better understand sediment dynamics. The authors rely on 

topographic residuals (or sometimes called DEM errors) and their changes through time to 

measure small height changes of sediment deposited in large rivers. This is an interesting 

approach, because standard radar interferometry will not allow to track height changes due to 

land-cover changes. This appears to be the first application of topographic residual analysis to 

sediment-transport studies. While this is creative, it is also tricky and has many caveats (see 

below). The authors partly field validate their measurements with general budgets, but not 

with measurements at the timescale of the SAR data and the presented signals have no 

uncertainties. 

AR: Thank you for summarizing the study and highlighting that this is the first application of differential 

residual topographic phase in the analysis of sediment-transport and accumulation. Since this 

study provides the first millimetre-scale measurements of sediment height changes covering 15 

km stretches across four ephemeral Himalayan mountain-front rivers, no other measurements 

are available at this timescale (2016–2021) for cross-validation. The impact of variable 

perpendicular baselines on residual topographic phase is modelled using a linear height change 

model in the Supplementary Material 2 and found that the topographic phase ambiguity induced 

uncertainty ranges between -12% and +8%. As mentioned in lines 325–345 and shown by the 

shaded areas in Figure 14 (the uncertainties in range -12% and +8%). 

https://doi.org/10.5194/egusphere-2024-2600


AR:  

 

RC: The study focuses on the foreland of the Himalaya in the Ganges plains that show a strong 

sediment-flux dynamics. While there are several creative and interesting thoughts in the 

manuscript, there exist several points that need structuring and clarification. In the following, I 

am listing several points that should be looked at and considered during a revision process: 1) 

Methodological description. The method section starts out by explaining scattering and 

polarization and then explains amplitude measurements (the description of amplitude is after 

the scattering section – this should be reversed). This is followed by some backscattering 

analysis of rivers using pre-processed GRD data obtained from Google Earth Engine. While this 

is an interesting exercise (including Figure 3), it is irrelevant to the topographic residual (or DEM 

error) used for height-change mapping. These topics (several pages of text and figures) is also 

not picked up on in the Result, Discussion, and only somewhat in the Conclusion section. 

AR: Thank you for asking about the scattering and polarization. The rationale for describing scattering 

and polarization first is to clarify why gravel beds exhibit relatively stronger VV amplitudes 

compared to vegetated gravel bars. Conversely, VH amplitudes show relatively higher values 

compared to gravel beds, as demonstrated in Figure 2. This distinction underscores the potential 

of PolSAR amplitude time-series for detecting changes in riverbeds related to water level 

fluctuations and vegetation growth. We have added these points to the end of section 3.1 in lines 

114-119. We have also shorten the section 3.1, moved the most text into the Supplementary 

Material 1. 

 



AR:  

 

RC: The section on SAR coherence is important, but it needs to be clarified what coherence is shown 

– averaged spatial coherence or temporal coherence (as it mostly used because it accounts for the 

temporal decay of coherence or decorrelation – see Figure 4). 

AR: Figure 4 shows both averaged spatial coherence and temporal coherence. The figure caption for 

Figure 4 is now revised in line 220-225 in the revised manuscript. 

 

AR:  

 

RC: There are two method section – this is awkward. Here is space to consolidate and significantly 

shorten the manuscript (to make room for more important analysis – see below). 

AR: Thank you for noting the two methods sections. We have updated the title of Section 3 to 

‘Methodology for DRTP InSAR application to dry gravel riverbeds.’ We have shorten the section 

3.1, moved the most text into the Supplementary Material 1. 

 

AR:  

 

RC: Coherence Thresholds: I am not certain where the authors picked their coherence thresholds 

from, but these are not typical (they are too low). The statement that coherence above 0.3 is 

useful cites a study Cigna and Sowter, 2017) that uses ISBAS (a different method) and this is not 

relevant for SBAS (or NSBAS). 

AR: ISBAS, NSBAS, and other members from the SBAS family are all modified from the conventional 

SBAS approach were developed in the early 2000s by Berardino et al. (2002). The conventional 

SBAS method applies least-squares to solve the velocity inversion, converting phase into 

displacement. Since 2002, numerous variations of SBAS, including ISBAS and NSBAS, have 

emerged and been published. While all SBAS methods share fundamental principles, each 

employs slightly different techniques to address issues like network gaps and low coherence. For 



example, LiCSBAS follow NSBAS technique to addresses disconnected networks using a ‘temporal 

constraint,’ which adds linear movement between the gaps. This approach resolves the network 

gaps issue during the inversion. Meanwhile the ISBAS techniques is more 'relaxed' in selecting 

pixels that are coherent, instead of whole stack of the interferograms with high coherence, it 

allow only part of the interferogram stack with high coherence (also called intermittently 

coherent). Accordingly, only the partial high coherence pixel’s phase value used in the inversion. 

In our study, a coherence threshold of 0.3 was used to exclude long timespan interferograms. For 

short timespans, the average coherence value along the dry gravel riverbeds is 0.6, as shown in 

Figure 4(c). 

 

RC: SAR-Data characteristics. Throughout the manuscript, the authors refer to 20m and 100m data. 

This is very unusual. You usually give the number of multilooks (range/azimuth), because this 

better reflects data characteristics. There is certainly an equivalent in square area, but the 

multilook values are more common and it is also not exactly 20 or 100 m. 

AR: Thank you for the opportunity to explain the concepts of range, azimuth, and multi-look. Multi-

look numbers of range and azimuth better represent the original SAR image acquisition projection, 

where azimuth aligns with the satellite’s flight path, and range is perpendicular to it. For Sentinel-

1 SAR satellite, range resolution is approximately 5 m, and azimuth is around 20 m. A low multi-

look setting (range 4, azimuth 1) performs well in high-coherence areas, with an average 

coherence 0.6 of dry gravel riverbeds, supporting 20 m resolution for mapping riverbeds. Since 

the riverbeds in our study area is about 300 meters wide, maximizing pixel count is a priority. The 

corresponding text is now updated in revised manuscript line 213. 

 

AR:  

 

RC: I am puzzled by the statements about SBAS. They argue they have used SBAS, but the method 

implemented by Morishita in LiCSBAS is NSBAS that can also deal with disconnected networks 

(but require additional terms). The networks shown in Figure 8 and 9 are all disconnected. You 

can not use SBAS to work with them in a reliable manner. Connected networks are always more 

reliable than disconnected networks during an inversion. In Figure 9 there is the note that the 

network has been linked though linear fitting. Is this not NSBAS? The section on the network 

inversion needs more work (and also more information for the reader to see number of ifgs, 

images, baselines and coherence history). 2. General information on data, processing, and 

methodology. The authors never tell us what scenes (track/frame/bursts/swath) and how 

many connections have been used. What is the number of interferograms? It is also not clear 

what software has been used and what parameters. I assume LiCSBAS was used, but no 

information is given on the SAR processing and interferogram generation. 

AR: LiCSBAS follow NSBAS technique to addresses disconnected networks by fitting an overall linear 

trend to the time-series (Morishita et al., 2020). Mathematically, LiCSBAS uses singular value 

decomposition to solve the inversion when gaps exist in the network, with a modification called 

‘temporal constraint,’ which adds linear movement between the gaps. This approach resolves the 



network gaps issue during the inversion. While the 'linear fit' functionality is useful, it is important 

to assess the composition of the phase value and the basic trend of elevation change to 

determine whether this 'linear fit' is suitable. 

In our study, the primary elevation change in the floodplain is driven by subsidence, likely caused 

by groundwater extraction and seasonal recharge. When small gaps of a few months occur, the 

LiCSBAS approach is applicable. We also attempted to fill as many gaps as possible by using long 

timespan interferograms (Fig. 9). 

For the dry gravel riverbeds, the land-cover changes completely each year as new sediment is 

deposited on top of the old sediment. This means a complete loss of coherence, making it 

impossible to generate an interferogram to fill the network gap. The elevation change is 

dominated by the height increase from this new sediment layer, so the phase value in the dry 

gravel riverbed is primarily influenced by residual topographic phase. In this case, along the 

riverbeds, the gaps are filled by its own differential residual topographic phase value, as 

illustrated in Figure 10 (the phase value difference between the blue and black curves). To clarify 

this, we have removed the text in Figure 9 caption stating 'the network has been linked through 

linear fitting’. 

We have added a table in the Supplementary Material 1 listing the SAR images used for mapping 

height changes in dry gravel riverbeds. The SAR images are sourced from the Alaska Satellite 

Facility (ASF) and processed into InSAR images by the Centre for the Observation and Modelling 

of Earthquakes, Volcanoes, and Tectonics (COMET), as mentioned in the acknowledgments. 

 

AR:  

 

RC: 3. Topographic Residuals or DEM errors. This is the core, creative part of the study. The authors 

should carefully introduce the topographic residuals and their caveats. The authors are also not 

the first ones using topographic residual for deformation measurements (but likely the first one 

to apply it to sediment-height dynamics). I remember there was a study to use topographic 



residual from ALOS data to measure lava thickness: Measuring large topographic change with 

InSAR: Lava thicknesses, extrusion rate and subsidence rate at Santiaguito volcano, Guatemala, 

https://www.sciencedirect.com/science/article/pii/S0012821X1200194X They do something 

similar but using the ALOS-L band and they make sure to use large baselines (see below) and 

use synthetic models to get a better understanding of uncertainties. The study by Bombrun et 

al., 2009 (10.1109/LGRS.2009.2026434) is also something to look at. Importantly, topographic 

residual is a tricky beast. It is a relative error. It is relative to the network and relative to space. 

That is, changing the network structure or moving the reference point will result in different 

topographic residuals. 

AR: We have now added in line 325 to introduce the topographic residuals and their caveats, 

emphasizing that the differential topographic phase caused by river sediment aggradation is 

greater than the small differences caused by variations in the perpendicular baseline. 

AR: Ebmeier et al. (2012) estimated the height difference between newly deposited volcano lava flows 

(≥25 m thick) and the DEM based on the absolute residual topographic phase with an average 

uncertainty in lava thickness of ~±9 m, based on four pair L-band interferograms’s absolute 

residual topographic phase. In contrast, we measure elevation change by calculating the 

differential residual topographic phase with millimetre-scale accuracy over the river sediment 

aggradation rates. Accuracy is improved by using a stack of interferograms, with the difference 

between each year’s residual topographic phase being calculated and then inverted into 

millimeter-scale elevation change rates. 

We want to emphasize that regardless of whether absolute residual topography or differential 

residual topography is used, both are tools for mapping topographic height changes due to 

sediment accumulation, not for measuring deformation. Deformation measurement is defined as 

tracking elevation changes when land cover remains coherent, typically due to internal factors 

such as aquifer compaction or fault movement. With coherent land cover, the line-of-sight 

deformation phases are measured, then inverted it into line-of-sight displacement rates. 

However, sediment-related height changes naturally alter land cover, resulting in loss of 

coherence completely. In such cases, deformation phase measurement is impractical, as it relies 

on high coherence. Therefore, residual topographic phase offers an alternative to measure the 

elevation change in low-coherence situations. 

To leverage the residual topographic phase, first is to accurately retrieve the topographic phase. 

There are two methods to increase the accuracy of the retrieved topographic phase, multi-

temporal method and time-series domain method. Bombrun et al. (2009) detailed the 

mathematical framework and methodology for using differential residual topographic phase in 

InSAR to estimate residual DEM. They focused particularly on height ambiguity, which is 

predominantly controlled by the perpendicular baseline. Du et al. (2016) did a detailed study of 

comparing different multi-temporal methods (PS-InSAR, LS solution SBAS, SVD solution SBAS, and 

SVD combine with LS solution SBAS) with the impact of four factor (baseline thresholds, 

interferogram quality, network connectivity, deformation assumption), how accurate they could 

retrieve residual topographic phase into residual DEM. Du et al. (2016) demonstrated that an 

SVD-based SBAS solution with a linear model, has low sensitivity to baseline threshold but is 

highly impacted by interferogram quality, network connectivity, and deformation assumptions. 

Bombrun and Du deal with the residual topographic phase in interferogram domain, so the RMSE 

of estimated residual DEM value is in meter-level. 



In 2013, Fattahi and Armleng were the first to demonstrate the multi-temporal differential 

residual topographic phase in the time-series domain. This shift from the interferogram domain 

to the time-series domain significantly improved the accuracy of residual topographic phase 

correction operation. Fattahi and Amelung (2013) demonstrated the effect of estimate DEM error 

on displacement time-series with zero RMSE in linear deformation history. Their study also 

showed the effectiveness of using phase velocity history in time-series domain instead of 

interferogram domain. However, previous studies primarily treated the residual topographic 

phase as noise, aiming to retrieve and remove it from the displacements time-series results to 

preserve the integrity of the line-of-sight displacement trends and rates. In our study, we leverage 

the differential residual topographic phase in time-series domain for the cases that involve 

topographic height change. The residual topographic phase varies due to height changes caused 

by sediment dynamics, and then we retrieve the millimetre-scale accuracy height change based 

on our novel Differential Residuals Topographic Phase (DRTP) technique. 

While millimetre-scale accuracy in height change mapping can be achieved using differential 

residual topographic phase through multi-temporal method in time-series domain, certain 

limitations of this approach should be noted. Since the RMSE is zero for linear deformation 

histories, this method is suitable for mapping sediment dynamics where the background 

deformation trends are linear. The primary source of uncertainty in mapping riverbeds arises 

from the scaling factor caused by topographic phase ambiguity in Equation (7).  

AR:   

 

RC: Reference Point: I am surprised to see the reference point to be far away from the actual stream 

studied. The coherence is low and it looks like there are disconnected components – which is a 

problem for unwrapping. How were the disconnected components connected? 

AR: The airport was chosen as the reference point because it is located on the non-active riverbed 

with high coherence, indicated by the red-coloured high coherence values in Figure 6. 

Additionally, the airport's buildings are stable. The reference point must be located within the 

processed InSAR area and should not be placed on the active river channel, as the channel is the 

target for elevation change monitoring, with changes occurring annually. Therefore, the 

reference point should be within the processed InSAR area and exhibit minimal elevation change 

compared to other locations in the InSAR processed area. While I agree that subsidence may be 

occurring across the entire Terai region, including the non-active riverbed, the high heterogeneity 

of subsidence in the Terai region needs to be mapped. In our study, as seen in Figure 6(b), the 

unfiltered wrapped phase value along the riverbed remains within (π, -π), suggesting a low phase 

gradient that supports an accurate phase unwrapping result. Additionally, the multi-temporal 

InSAR approach effectively mitigates unwrapping errors. So far, preliminary results (see Figure 

below) and nearby GPS rate at a town called Biratnagar suggest that the subsidence rate at the 

airport is negligible, making the influence of the reference point minimal. The preliminary result, 



derived from Sentinel-1 at a 100-meter resolution, demonstrates a reliable trend in the rates. 

However, significant noise contamination, primarily caused by vegetation in cropland, leads to a 

high spatial variation in the result, as shown in Figure 15 in the manuscript. 

AR:  

 

AR: http://geodesy.unr.edu/NGLStationPages/stations/BRN2.sta 

    

 

RC: The authors cite Du et al. 2016 and this is a detailed study of topographic residual measurements. 

Du et al. point to several of the above problems, especially the network structure. In order to 

estimate the impact of the network (and individual connections), one can randomly (?) remove 

connections to observe how the topographic residual changes. This is also a useful way to 

estimate uncertainty of the topographic residual. I am not fully clear how the networks shown 

in Figure 8 were connected, but the topographic residual is likely to be different between these 

years just because of a change in network structure (the magnitude of this signal can be 

http://geodesy.unr.edu/NGLStationPages/stations/BRN2.sta


identified or modeled). Most importantly, I am puzzled by the approach to keep the smallest 

baselines. Topographic residuals are larger for large baselines – in other words, baselines exerts 

a significant sensitivity on topographic residuals. For interferometric measurements you are 

aiming at very small baselines to minimize the topographic effect (standard InSAR). I ask the 

authors to think about the signal they are looking for (if I understand them correctly): Larger 

baselines would be more appropriate for measuring topographic residual, because the 

measured signal is larger (see Figure 4 in Du et al.). If you confine the perpendicular-baseline 

tube to a very narrow range, you are optimizing the network for interferometric purposes, not 

for topographic residual measurements. This may sound counterintuitive and I may be missing 

parts of the author’s explanation, but to enhance the topographic residual signal you are 

aiming at long perpendicular baselines, because these are more sensitive to topographic 

changes (see equation 15). One important issue only briefly addressed in the manuscript is 

atmospheric phase screening or tropospheric delay. The author’s mentioned that they have 

used GACOS to correct their data, but no magnitude of the correction is shown and no dynamics 

of the tropospheric signal. This is important, because the tropospheric delay signal may easily 

exceed the topographic residual signal. Again, I urge the authors to look at Du et al. – they also 

have looked at different atmospheric delay patterns. The monsoon season in the Himalayan 

foothills is characterized by heavy, localized rainfall that may generate extreme delay signals. 

These turbulent components are not corrected for with ERA5 or GACOS data. However, the 

general water vapour content is captured. A simple question to ask: Is the topographic residual 

signal the same without any atmospheric correction (or a different correction)? A more careful 

treatment of the atmospheric correction and their impact is important, because this signal may 

have the same amplitude. This is also what Fattahi and Amelung (2013) stated in DEM Error 

Correction in InSAR Time Series; Heresh Fattahi and Falk Amelung, 2013 

https://ieeexplore.ieee.org/abstract/document/6423275 (this is also cited). 

AR: In a detailed study of residual topographic phase measurement, Du et al. (2016) highlighted the 

impact of network connections on phase accuracy. One significant effect is from the 

perpendicular-baseline network. Du et al. (2016) demonstrated simulated data with a 

considerably larger range of perpendicular baselines, spanning from -200 to 400 meters. This 

large baseline range increases height sensitivity in residual topographic phase measurements. In 

contrast, Sentinel-1’s precise orbital control keeps most SAR image acquisitions within a narrower 

baseline range of -100 to 100 meters, which has lower sensitivity in residual topographic phase 

measurements. Fattahi and Amelung (2013) demonstrated that a small baseline minimizes phase 

contributions from DEM errors; however, the multi-temporal approach will still cause small jumps 

in the residual topographic phase displacement history. 

AR: To keep the effect of the residual topographic phase caused height ambiguity history minimal is 

important in our study, because we are leveraging the difference between the residual 

topographic phases to map the river sediment aggradation rates. Due to both the effect from the 

residual topographic phase ambiguity and the river sedimentation caused height increase, the 

residual topographic phase caused by the height increase must exceed the variation introduced 

by baseline-related displacement history. 

Thank you for highlighting the use of residual topographic phase ambiguity in estimating 

uncertainty. In our study, we refer to Fattahi and Amelung (2013), who reported that the RMSE 

of differential residual topographic phase estimates is zero under a linear deformation history. 

The impact of variable perpendicular baselines on residual topographic phase is modelled using 



a linear height-change model in the Supplementary Material 2 and found that the topographic 

phase ambiguity induced uncertainty ranges between -12% and +8%. 

AR: The riverbed mapping interferograms were collected during the dry season only. We applied 

GACOS for atmospheric phase correction. In the dry season, atmospheric noise is characterized 

as cumulus clouds in fair-weather, making it easier to distinguish the atmospheric noise from the 

residual topographic phase trend along the riverbeds. Testing results with and without GACOS 

correction showed minimal difference, the figure now is added in the Supplementary Material 1 

as Figure S5. The magnitude of the GACOS correction is approximately 1 radian, which are about 

1.5 km dimple in size—typical for cumulus clouds in fair-weather conditions during the dry season 

in the Terai region. For monsoon season, however, atmospheric corrections should be carefully 

removed, as regional atmospheric effects may be stronger and cover the entire 15 km long river 

channels. Although single InSAR interferograms may be more impacted by atmospheric noise, a 

multi-temporal approach like SBAS-InSAR effectively minimizes these effects by analysing a large 

stack of interferograms in the time-series domain. Additionally, the dry season phase values are 

likely not unaffected by strong ionospheric phase delay. The rivers that are analysed in this study 

are geomorphological ideal for the DRTP application. 

AR:   

 

RC: I mentioned it before, but I am surprised about the treatment of the coherence and connected 

components. Figure 16 shows the lower multilooking data (what the authors call 20 m 

resolution) and it looks like as if the individual rivers are not connected and have not been 

unwrapped together. The reference point appears to be outside the center stream of the plot. 

Is there a special treatment for connecting the components? The higher multilooking data 

(called 100 m resolution) appears to be connected but shows different signals. It is difficult to 

interpret these plots without additional information (also on the network). Maybe a coherence 

matrix through time would be helpful to better understand the interferometric network. I point 

out that other researcher have made careful statements before: “Noisy acquisitions with severe 

atmospheric delays or decorrelation noise could potentially bias the estimation of topographic 

residuals, the average velocity or coefficients of any temporal deformation model.” (from 

“Small baseline InSAR time series analysis: Unwrapping error correction and noise reduction” 

by Zhang Yunjun, Heresh Fattahi, Falk Amelung , 

https://www.sciencedirect.com/science/article/pii/S0098300419304194 

https://www.sciencedirect.com/science/article/pii/S0098300419304194


AR: Interferogram network connectivity is solely due to its coherence, which vary based on the 

characteristic of the land-cover, independent from the multi-look resolution. There is no special 

method for connecting interferograms. Certain types of land cover, such as cropland, exhibit 

seasonal variations in coherence due to crop growth cycles. During the same growing season, 

longer time intervals tend to show higher coherence compared to shorter time intervals that span 

different growth periods. Conversely, riverbed areas experience complete coherence loss during 

monsoon seasons. This is caused by new sediment deposits, which preventing the interferogram 

computation across seasons. 

Zhang et al. (2019) addresses unwrapping errors and their correction. In our study, as illustrated 

in Figure 6(b), the unfiltered wrapped phase values along riverbeds remain confined within the 

range of (π, -π), indicating a low phase gradient and supporting accurate phase unwrapping 

results. Furthermore, the multi-temporal approach effectively reduces unwrapping errors. 

LiCSBAS applies the closure phase method to filter out incorrectly unwrapped interferograms. 

Future work will investigate the phase gradient thresholds for the unwrapped phase in the DRTP 

approach.  

 

4. The Discussion starts well after 480 lines into the manuscript. It is very short and touches 

upon some relevant sediment-dynamics points. But none of the uncertainties of the 

topographic residuals or the tropospheric delays are discussed here. The section on future 

prospects is certainly important, but should not take up 1/3 of the Discussion section. 

AR: We added lines 557-591 in the discussion section in the revised manuscript. 

AR:   



AR:   

5. It took me a while to understand the vertical rates (I am still not certain that I understood 

the authors explanation). The Vertical rate are derived from the linear fit of the annual 

topographic residuals? Is the data in Figure 15 the slope of that linear regression? Are there 

uncertainties associated with that fit? 6. There are several useful figures in the manuscript. In 

general, it may be useful to convert the figures showing radians to mm, because the text argues 

about deposition (or sedimentation) rates in mm. 

AR: The term "vertical rates" refers to the rates of vertical elevation change. In this manuscript, vertical 

elevation change rates include two main components: vertical subsidence, likely due to aquifer 

compaction, and vertical sedimentation rates from river sediment aggradation. Thus, the vertical 

rates represent either of these two components or a combination of both. For example, in the 

Terai basin, the primary component is vertical subsidence rates. In downstream riverbeds, 

vertical sedimentation rates are the primary component, while in upstream riverbeds near the 

mountain front, both vertical subsidence and sedimentation rates play significant roles. Vertical 

subsidence rates indicate subsurface changes affecting elevation, whereas sedimentation rates 

represent surface processes influencing elevation. This distinction is crucial due to coherence 

effects, requiring the selection of the appropriate phase component to accurately map these 

elevation change rates. 

Figure 15 shows InSAR-derived subsidence rate transects for the Terai basin. The rates exhibit 

high spatial variance due to significant noise contamination in the interferogram, primarily 

caused by vegetation in cropland. Despite this variance, the mean vertical subsidence rate across 

the basin is approximately -15 mm/year. 

In Figures 16 and 17, which show time-series data for elevation changes in dry gravel riverbeds 

(Fig. 16) and the Terai basin (Fig. 17), the linear fit represents a linear interpolation applied to the 

displacement time-series. This is to address gaps in the interferogram network. As described in 

the manuscript (line 325-333), the phase used in the riverbed inversion is the differential residual 

topographic phase. Although gaps exist in the network, values from the differential residual 



topographic phase allow for continuity in the time-series. The offsets observed in Figure 16 cross 

the gaps in the time-series based on differential residual topographic phase values.  

AR: We have updated the Figure 10b with the unwrapped phase value converted to mm. Based on 

one phase equal to half wavelength is because the electromagnetic wave’s two way travel 

between satellite and earth surface. The wavelength of the Sentinel-1 C-band SAR is 

approximately 5.5 cm, half wavelength is 2.7 cm, which is 27 mm. 

RC: There is no Figure 18, although it was mentioned several times. 

AR: Figure 18 in the text should be Figure 17, now is corrected in the text, thanks! 

RC: Overall, I see large potential in this study. It will require additional work if this is supposed to 

become a landmark study to propose topographic residual measurements for estimating 

sediment dynamics for current and future SAR missions (as suggested by the Discussion section). 

A thorough investigation of the impact of the interferometric network structure (including 

perpendicular baselines, temporal baslines, number of connection), tropospheric impact, and 

inversion approach will help to better understand boundary conditions and measurements 

uncertainties. 

AR: Thank you for recognizing the significant potential of the DRTP approach for sediment dynamics 

mapping. We have now updated the manuscript to include an investigation of the impact of the 

interferogram network (Figure S6), the tropospheric effects (Figure S5), and the inversion 

approach (lines 299-312). 

AR: The NSBAS implemented in our study is using singular value decomposition to solve the phase 

velocity history inversion, with assumed linear model. The LiCSBAS implementation (Morishita et 

al., 2020) does not include invert the residual DEM. The MintPy implementation (Zhang et al., 

2019) is using singular value decomposition and least squares to solve the phase velocity history 

inversion, with no assumed deformation model, and include the residual DEM calculation. Then 

the residual DEM is used to remove the residual topographic phase in time-series domain. In our 

study, the InSAR phase along riverbeds is assumed to be pure residual topographic phase, the 

LiCSBAS implementation inverted the differential residual topographic phase into the velocity. 

We interpret the velocity results based on Eq. (7), which include the effects from both height 

ambiguity and sedimentation caused height change. Our immediate next focus is to develop our 

own open code for DRTP SBAS-InSAR approach, tailored to more complex river systems. 



AR:   

 

AR:   

 

 


