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InSAR displacement measurements are inherently double-differenced:

- In time: with respect to a reference epoch

- In space: with respect to a chosen reference pixel/area

Subsidence near Bologna, EGMS Basic product Subsidence near Bologna, EGMS Calibrated product
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To estimate line of sight (LOS) displacements in an absolute

reference frame using InSAR measurements, complementary geodetic

techniques (e.g., GNSS and levelling) are commonly used. Main

strategies include (Johnston et al., 2021):

1. Assigning a unique velocity value/displacement time

series to the reference pixel using one or multiple

GNSS stations
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Between epochs t0 and t1, point P undergoes a displacement: 

Assuming Ԧ𝑣𝑝,𝐵1 ≈ Ԧ𝑣𝑝,𝐵2 (valid when the bursts are in the 

same relative orbit):

Connection and deramping leveraging burst overlaps

dₚ = (eₚ, nₚ, uₚ)

The displacement observed for point P in bursts 1 and 2 is:

𝑑𝑝,𝑏1 = Ԧ𝑑𝑝 ∙ Ԧ𝑣𝑝,𝐵1 − Ԧ𝑑𝑟𝑝1 ∙ Ԧ𝑣𝑟𝑝1

𝑑𝑝,𝑏2 = Ԧ𝑑𝑝 ∙ Ԧ𝑣𝑝,𝐵2 − Ԧ𝑑𝑟𝑝2 ∙ Ԧ𝑣𝑟𝑝2

𝑑𝑝,𝑏1 − 𝑑𝑝,𝑏2 = Ԧ𝑑𝑟𝑝2 ∙ Ԧ𝑣𝑟𝑝2 − Ԧ𝑑𝑟𝑝1 ∙ Ԧ𝑣𝑟𝑝1
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• We propose a general formulation for the deramping and reference frame connection 
of InSAR time series, that allows us to leverage and weight the information in the 
overlapping areas

• The connection is performed epoch by epoch, in the displacement domain, modeling 
the residual between GNSS and InSAR with a smoothing function

• We test the procedure over data belonging to the same Sentinel-1 track to limit the 
influence of changes in the viewing geometry

About this work
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Proposed approach

6/15

- When  = 0 we estimate a unique offset for each burst

- When  = 0 we don’t consider the overlapping areas

- By setting  we impose the relative weight between the 

two terms of the function
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Study area
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Input Data
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- 29 stations with at least five years of 

data between 2014 and 2023 

exhibiting strong linear behavior 

- The daily time series of displacement 

of each station in IGS20 were 

downloaded from the Nevada Geodetic 

Laboratory website

- 11 files from the Basic product of the 

European Ground Motion Service, all 

belonging to ascending track 117

- The files relative to the same bursts 

and track of the Calibrated product (in 

ETRF2000) were also downloaded. 



GNSS and InSAR modeling

PS selection

GNSS modeling

Difference and 

modeling
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መ𝑑𝐺𝑁𝑆𝑆 𝑡 =
𝑙𝑖𝑛𝑒𝑎𝑟
𝑡𝑟𝑒𝑛𝑑

+
𝐻𝑎𝑟𝑚𝑜𝑛𝑖𝑐𝑠
(𝑇 = 365,
𝑇 = 182.5)

+ 𝑠𝑡𝑒𝑝𝑠

LOS projection

of the linear

component

Median per 

epoch

∆ መ𝑑𝐼𝑛𝑆𝐴𝑅,𝐺𝑁𝑆𝑆 𝑡 = 𝑠𝑝𝑙𝑖𝑛𝑒𝑠 + 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦

Seasonality 

removal



Results – Test 1 
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Results – Test 2 
• Selected stations,  ≠ 0
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Results – Test 4 
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1. The solution to the minimization problem varies significantly depending on the selected stations

2. In this case, a large number of stations yields worse results compared to a smaller selected subset

3. The proposed method (and, in general, deramping using GNSS data) requires carefully evaluating whether 

the time series of the chosen stations and nearby scatterers represent the same deformation phenomenon

4. As expected, the estimation of  a constant offset is more robust against outliers compared to the plane 

estimation

5. Using co-located corner reflectors and GNSS stations, as in Integrated Geodetic Reference Stations 

(IGRS)(Zouros, 2021, Hanssen & Bazzocchi, 2024), would remove the issue described in point three, 

making the residuals dependent only on the reference pixel time series and the GNSS and InSAR noise 

6. We plan to implement statistical testing to evaluate the significance of  the estimated parameters

Conclusions and Outlook
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