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DISP-S1 and NISAR Product Overviews

The OPERA Surface Displacement products have a North American
geographical scope

Maps surface

. Sensor Temporal 6-12 days for Sentinel-1
displacement from InSAR Sampling** 12 days for NISAR
Description time series in radar
line-of-sight (LOS)
direction

Pixel Resolution

(Northings x Eastings) 30 m or better oy 5

Alaska Satellite Facility At

L Distributed Active
Distribution .
Archive Center (ASF Hierarchical Data Format Frame X
DAAC) version 5 (HDF5)
Frames
Sentinel-1 & NISAR Validated Release Date Feb. 2027 (DISP-NI) P
*USA and US Territories within 200 km from US border, Canada, and all mainland countries from the southem US Frame X+1

border up to and including Panama.
**Based on Sensor input data availability

Example of DISP-S1 frame.
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DISP-S1 Production Status —— ‘ @’

DISP-S1 Production Mean Runtime per mini-stack

ST

N

S 4,

- Historical production nearing completion
- Backfilling through end of 2025 in “batch mode”
- Forward mode to start next month

POA

Mean runtime (in hours) of ascending frames for each
batch of 15 products (one ‘mini-stack”)

-10
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Spacy Admindiraton

NISAR observation plan —— ‘ @’

Cyan: 5 mx 5 m NISAR GSLC products over

. Greenland .
North America and selected urban areas 20MHz SP Qual-Pol modes are Fixed
Sea Ice SMHz ] _ . LSAR All other modes are Dithered

Urban Areas
40MHz DP

Coverage of India
Region with
LSAR & SSAR

Antarctica
25MHz CP &
37.5MHz HH
SSAR

Antarctica
40& 80MHz SP
LSAR
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Driving requirements for Surface Displacement...........

Key specifications:

e Surface displacement time-series in radar Line Of Sight (LOS) direction

e 30 m spacing

e Geocoded, Frame-based displacement products
o (DISP-S1 only) Frames consist of ~27 stitched bursts (~200 x 250 km frames)
o (DISP-NISAR) We will use the NISAR-produced Track/Frame database

e The displacement product at a given epoch is relative to a reference date
e The displacement product is relative to a reference coherent pixel

e 72 hours latency (after all inputs are available)

e Coverage: North America (USA 50 states plus all official 14 US Territories, all mainland countries between US
CONUS south to and including Panama, and Canada within 200 km from US border)
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INSAR Displacement Time-series _
analysis ez | (Y

Coregistered SLCs Surface Displacement

Timeseries..
Reference S

point

Time-series
analysis
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Surface Displacement Time-

series Specification

Hational Abroniutics and
S Adminiiratcn
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DISP algorithm (high level) e @

e The algorithm for estimating the displacement product from NISAR data will be similar to the
algorithm used for the displacement product from Sentinel-1

Stack of coregistered
SAR SI{Jiimages
™ _, PS: analy§ls and

selection

—_ | Wrapped phase L ) Phase
@ = D) time series Unwrapping

csLc-k | o> DS: covariance A l

matrix analysis

Corrections and
post-processing
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DISP algorithm Mg

Dataset

e NISAR addition: GUNW
products with ionospheric

Data flow

Persistent Scatterer (PS) Selection

Phase Linking
Coherence

Coregistered SLCs Nearest.3
X
SHP Selection matrix \/

optimization

" ) 4 | Pre-processing T
Displacement [ J

Spatial reference
point selection
Timeseries Ti . ) — Phase‘ EDISE_}
\ / «——| Timeseries Processing Unwrapping | unwrapping
\ / [ L1 Network Inversion J { PoSt-processing 1
~/

. Y Ny
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DISP Product Usage

Mational Abronautics and
S Adminiiratcn

&

DISP products can contain multiple quality layers and corrections,

i Displacement (and filtered displacement)
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Surface Displacement Example: _
West Texas st @

Smoothed: 2021-06-18

Displacement; 2021-06-18 200 { —— Displacement
; == Smoothed
150 1793 @ Curentdate
100 150
50 I\ 125':
£
0 e~ 100“:
S
-50 757
100 50 g
-150 25
. 0
Subset of displacement product Temporally filtered
(includes atmospheric noise) (to reduce the atmospheric noise) S PO 0SSP P

N N N N N N oV VY SV SV
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Application Examples: Houston, Palos Verdes -

Average Velocity — Houston, TX
020
0.15

-0.10

Palos Verdes CA

- 0.05

20

- 0.00

- —0.05

o
LOS velocity [mm/yr]

- —0.10

=0.15

Cummulative displacement LOS [m]

I
o
[
o
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OPERA DISP [mmiyr]

10 0
GNSS [mmfyr]
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Revieyed and determined not {o contain

Comparing DISP-S1 Against Han crafted i ‘ @
Dataset: California |

S Adminiiratcn

OPERA product performance at statewide scale similar (magnitude and pixel sampling) compared to other
community efforts.

OPERA DISP-S1* ARIA research group San Diego Group
(Govorcin et al., 2025)

LOS
velocity
[mmiyr]

0

e =40
Xu, X., Sandwell, D. T., Klein, E., & Bock, Y. (2021). Integrated Sentinel-1 INSAR and GNSS
time-series along the San Andreas fault system. Journal of Geophysical Research: Solid

Govorcin, M., Bekaer, D., Hamlington, B., Sangha, S., and Sweet, W. (2025)).
Variable vertical land motion for sea level rise projections. Science Advances Earth, 126. €2021JB022579. httos: //doi.ora/10.1029/202 1JB0 22579
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https://doi.org/10.1029/2021JB022579

What will NISAR add S

Advantages of NISAR L-band acquisitions for DISP product:
e Regular acquisitions over US from both ascending and descending orbits will improve the
accuracy of vertical land motion estimation
e Longer wavelength at L-band will lead to higher interferometric coherence, fewer unwrapping
errors, and better spatial coverage of displacement products compared to C-band
e Higher resolution acquisitions (40 MHz) will potentially lead to denser PS density

e |-band will lead to slower fringe rates for large displacement signals and therefore easier to
unwrap

Risks and mitigation:

e Risk: L-band is ~18 times more sensitive to ionospheric delay compared to C-band.
o Mitigation: We will use the ionospheric phase estimates from NISAR GUNW products to
correct the displacement products
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Looking Forward —

Operational OPERA DISP-NISAR products are expected to become available in early 2027

Summary

e The OPERA project will generate DISP products from NISAR over North America

e The OPERA team will use the NISAR GSLC products as an input, as well as the ionospheric
correction layers contained in the standard GUNW

e We expect OPERA DISP-NISAR products to have greater coverage and quality over Sentinel-1 data
for the vegetated regions of North America

Next Steps

e OPERA team s currently adapting workflows using in DISP-S1 production to work with NISAR
sample products
e Testing on real data will begin with first science-ready NISAR products
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Backup e
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Using our open-source code R ‘ @/
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