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Observation of soil movements with InSAR C-band radar and
observation of oceans (ships/sea level) and ice

Polar orbiting satellites orbit 693km; return period 12 days; (ASC 146 ~17UTC over Austria)
Sentinel 1 A-D launched on April 2014/2016/Dez 2024/ autumn2025

Sentinel 1 B switched off electrical issue in december 2021

weight: 2.1t; size: 21x2.5x4m; 12m radar antenna; several scan modes up to 5m res.
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relative delay from phase shift
delay has several components

- noise

- lonosphere

- lower atmospheric component
- soil movements
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3h assimilation cycle 3D-Var

MODE-S, AMV, conventional obs

Observations provided by project partners:

interferograms

data with ~200m resolution on WGS84

netcdf format with relative delays, latitude, longitude,
azimuth and incidence angle of satellite, coherence
altitude of footpoints from high resolution DEM
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high spatial resolution

low temporal resolution

Relative observation between
two overpasses

using slant delay operator
De Haan & Imrisek 2019
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observation data

ded gl)ay7§23-06-18 17 coh C ZQBD-B?IE’.Z%SQ-ES

13'E 17°E 13°E 14°E 17°E
e N
49.5°N ‘ 49.5'N 49.5°N 49.5°N
N E
\ j wF
me |
49°N /’/ = 49°N 49°N 49°N
' e ' n
48.5°N 48.5°N 48.5°N 48.5°N
* 30th June |
48°N 48°N 48°N -{ 48°N
<t 2023
47.5°N 47.5°N 47.5°N 47.5°N O rO g ra p h
" )
47°N 47°N 47°N 47°N
- 3R S
2 2,
46.5°N 46.5°N 46.5°N 46.5°N
-8
26N o 46°N 55 46°N : > 46°N
13°E 14°E 15°E 16°E 17°E 13°E 14°E 15°E 16°E 17°E
coherence_2023-01-25_17_2023-01-13_17
13°E 14°E 15°E 16°E 17°E
10 0s
49.5°N 49.5°N 49.5°N 49.5°N
8
0.€
49°N 49°N 49°N 49°N
6
0.7
48.5°N 48.5°N 48.5°N 48.5°N
. 25th Jan. |
06
I 2023
2 §
47.5°N 47.5°N 475°N |- 47.5°N o3
o
47°N a7°N 47°N 47°N 04
-2
46.5°N 46.5°N 46.5°N 46.5°N 03
-4
46°N a6°N g 46°N 46°N i

136 u"E 15°E - “LE 17°e \0) & G e OS p he l'e
(= Austria




How to get absolute observations?

* Putrelative observation at first timeslot into bator-screening

* Take observations-FG departures (OBS-FG) from ODB to get absolute delays
« add all relative delays to get absolute delays at all observation times
 failed as fields are too noisy

...etc.

simulated values 12day relative 12day relative 12day relative_sn_12day relative
obs-fg-dep ‘ ‘ ‘ ‘

delays delays delays delays

OBS t-1 OBS t0 OBS t1 OBS t2
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netcdf relative obs t-1-to t-1 AROME First Guess (+3h forecast)

1 l MANDALAY
netcdf2obsoul.py » run AROME operator »  Extract FG departures and pseudo obs
12 point thinning, (Screening) at t-1 calculate simulated values at obs points at t-1
coherence check>0.5 Simulated values at observation points
netcdf relative obs t-1-to + o
absolute delays at to l to AROME First Guess +3h forecast
netcdf2obsoul ., |rmn AROME operator I MANDALAY
Py (Screening) at to Minimization

§

AROME initial state at to for forecast
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MXMINI999+0000_blend - ICMSHAROM+0003_addsurf

S090HUMI.SPECIFI INC 20230630 18
2023-06-30 18:00:00 — FGdep 20230630 1? —— <

071 % 725 i:].ss
. .
| | Several bias correction approaches failed due to
temporal inconsistency -> take domain average departure as bias

increment Q90 obs error 1.4cm

MXMINI999+0000_blend - ICMSHAROM+0003_addsurf

0:71 g 0.04
D'szg -0.08
Time series of domain averaged FG departure @Z&Q GeoSphere
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scheme of Sentinel 1 INSAR delay assimilation into AROME

netcdf relative obs t-1-to

netcdf2obsoul.py

12 point thinning,
coherence check >0.5

netcdf relative obs t-1-to EEj

absolute delays at to

t-1 AROME First Guess (+3h forecast)

netcdf2obsoul.py

subtract bias

run AROME operator
(Screening) at t-1

MANDALAY
Extract FG departures and pseudo obs
calculate simulated values at obs points at t-1

Simulated values at observation points

to AROME First Guess +3h forecast

run AROME operator
(Screening) at to

run AROME operator
(Screening) at to

MANDALAY
Extract FG departures, calculate
average and assume it as bias

Minimization of cost function

first guess check AROME initial state at to for forecas@;) )¢ GeoSphere
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BIAS: 0.599 (2)
MAE: 2.300 (2)
RMSE: 4.604 (2)

Rpearson: 0.352 (1)
Dap: 27.5 km (1)

Acc. Precip. [mm] from 20230630 18 to 20230630 21 UTC

[same-at-exp 2023-06-30 18 (1)
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BIAS: 0.344 (1)
MAE: 2.140 (1)
RMSE: 4.318 (1)
Rpearson: 0.348 (2)
Dgg: 34.1 km (2)

|same-at-ref 2023-06-30 18 (2)

case study 30th June 2023 3h precipitation
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test period

Observation error 1.4

Reference REF: AROME 2.5km with 3h cycle 3D-Var no Sentinel-1

Experiment EXP: open loop 3D-Var based onFG from REF and +24h forecast including S1 data
January-July 2023

2m_relative_humidity: Mean BIAS from: 20230125 to 20230724
2m_relative_humidity: Mean RMSE from: 20230125 to 20230724
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Relative delays from Sentinel 1 assimilated
low temporal resolution (12d) and coherence
data and assimilation approach limits the impact

improvement in RH2m bias otherwise mostly neutral impact on
scores; mixed impact on precipitation

Improve thinning

combine Sentinel-1 with ZTD of reference stations to derive absolute
delay values and several ASC/DSC data
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Model: AROME/C-LAEF 2.5km L90 cy43t2 Austrian operational domain

M. 0000_blend - 0000 _blend : SO90HUMI.SPECIFI
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8 BT Several bias correction approaches failed due to

o Temporal inconsistency -> take domain average departure as bias
observation impact Q90

MXI 0000_blend - MXN 0000 _blend : SO90HUMI.SPECIFI
T

obs error 1.4cm
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Feb 2023

-~ Time series of domain averaged FG departure @ &LQ GeoSphere
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