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[I\}g‘lﬂ\’,g?;tgg Motivation — Why atmospheric correction ?

l_ I % Spatio-temporal variations in T, P and water vapour
= result in tropospheric effects on INSAR
B e e o : observations.
I
- L D)

» Surface displacements caused by tectonic/volcanic
activities can be masked by tropospheric effects!

e ?‘@ “m ** Impacts on time series analysis
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Quantifying and mitigating tropospheric effects is vital for INSAR!



{‘}g‘{{’,‘gﬁggg Motivation - Data

HRES-ECMWF : : ERA-5
: ERA-Interim reanalysis -
analysis reanalysis
Horizontal 10 - 200 km, discrete 9~12 km, regular grid ~75 km, regular grid ~31 km ~1km
Vertical 1 137 levels 61 levels 137 levels 1
Hourly (2010-
_ 2016, other data _
Temporal 5 Minutes 00,06,12,18 UTC 00,06,12,18 UTC Daily
to be released
soon)
availability Near real-time Near real-time latency 3-4 months Near real-time latency 1-2 months
* Temporal resolution
o _ * Spatial resolution * Clouds
Limitation Coverage Temporal resolution N/A _
* Latency * Temporal resolution
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B University Key Questions & Objective

d How do we best use of data?
« Assessment, Integration, Interpolation

d How to evaluate the model performance?
« Main factors affecting atmospheric correction
« Performance indicator

d How do we best implement the model?
 Avalilability, efficiency

Objective: Generic Atmospheric Correction Model
* Globally and at all times available

* In near real time
« Aimed for ~1 cm accuracy (250 by 250 km)
« With reliable quality control indicators
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Tropospheric defay*=sHy@droestatic delay + wet delay

DRI IHGL-L
52.8 A N e

By

I

I

I

I

| i
_____________________________________ 1 | 52.2°?}f1

| S

I

I

I

I

=

(a) Stratified delay by GPS + EC\S
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» Stratified: Topography-dependent component

» Turbulent: Topography-independent component resulting from turbulent processes
AL =T (") + Le ™M +¢
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Significant improvement after separating stratified

(Yu et al., 2017, JGR) and turbulence component
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» Stratified: Topography-dependent component

» Turbulent: Topography-independent component resulting from turbulent processes
AL =T (") + Le ™M +¢

1 ITMD ZTD (mean=5.74) =THSM ZTD (mean = 8.90)

T, => w.T(x)
i=1
2
Wy — dm n
2
= Ty = Total delay — Scaled
\ delay
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0

More improvements in strong turbulence seasons
(Yuetal., 2017, JGR)
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Integration of GNSS and HRES-ECMWF

96 (a) CA,|20160705 96 (b) CA, 20161207 Without ECMWF = 7.75 mm | ; )
Integrated with ECMWF = 6.13 mm
ES'S | min(PePe) =015 | e ES'S | §-7 — Bh Sm = L()e Pl p. = PG 0
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0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 |
Pe/Pg Pe/Pg

96f ] 96 1

8.8 T — IS - 8.8 i SO JUNSEET e anll ]_;l = ZwuzT(Xz )9
£ i £ ™a =l

I N
o &0 Nin(Pe/Pg) = 0.44 580 min(Pe/Pg) = 0.45
= _, |(c) UK 20160705 2, |(d) UK, 20161207
Without ECMWF = 9.48 mm Without EGMWF = 9.24 mm
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*» Cross Interpolation weight determination.
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“» Automatic weighting strategy.

Without ECMWF = 9.24 mm
Integrated with ECMWF = 8.79 mm ‘

min(Pc/Pg) = 3.3
o E. N (PE/Po)
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Generic Atmospheric Correction Online Service for InNSAR (GACOS)
S : o Big 128
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["}ﬁ‘l’{’,‘é?;‘ft'§ Model Evaluation - Data Quality

(b1) MODIS PWV 20160828 (b2) ECMWF PWV (b3) ECMWF — MODIS
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(a) Raw IFG (StdDev = 2.44 cm) (b) Corrected IFG (StdDev = 0.96 cm)
(c)
© @RAW DISP.
o B GPS (G)
,,,,,, A ECMWF (E)
- GPS+ECMWF (GE)
© — o
@ | 3 StdDev Raw = 2.44 cm
g— 6- Lom - g E StdDev G = 1.13 cm
+ =0 S o C45| .7 |StdDevE =1.45cm
Siof-s T N oy varietion 3 ) S 5%” StdDev GE = 0.96 cm
o High t0pograp o o i Y ® o o E &
-121.0°  -120.0°0° -119.0° ~121.0°  -120.0°  -119.0° P30 A RAMS RAW = 2.43 om
3 RMS G =0.75cm
< The topography related atmosphere errors in the east and west AMSE =1620m
15 RMS GE =0.72 cm
mountain areas are significantly mitigated.

. . . 0
*» The residuals in central area were most likely related to un- —
Differences (cm)

modelled tropospheric turbulence.



Uﬁ‘{‘\’fé?;t@ Model Evaluation - China

Raw IFGs ZTD maps Corrected IFGs
STD=1.15mm. == SFEE S STD=0.45mm=52%
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Model Evaluation - Co-Seismic

|dentify Small Co-Seismic Signal

Raw IFGs

GACOS Map After Correction
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Feng, et al., 2018
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Model Evaluation - Post-Seismic
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Agung example 2. Also mostly atmosphere

Weather models show @Agung InSAR fringes
NOT deformation. We're investigating the

are atmospherlc NOT deformation. Thanks

a Ny @G :’_‘x(“f\,a:; lewcast|e
@falbino @GACOS_Newcastle Sllght underes’umate DFabienAlbino
0 USGSVolcanoes @NERC_COMET YGACOS Newcastle
@ 09 Sept. 2017 - 21 Sept, 201 D AGUNG VOLCANO, Indonesia
COMET 09 Sept. 2017 - 21 Sept. 2017 C‘OMET ASUNG VOLEANO: Ilonamts
S1 unwrapped interferogram GACOS atmospheric delay S1 unwrapped interferogram _ GACOS atmospheric delay cm
t‘“ﬁ 1\\ 8.25 ' !

83
»a\qung » ‘u‘mq
8.35 : 'A 8.35

Al
8.2 < 8.2

.

by
a3 o 3 3 8.3 8.4 ¢ |

‘ ung AAgung A

8.4 : . 8.4 { 8.45 8.45
- | ' |
g : 35 ¥

Significant elevation dependent signal around volcano.



['\}g‘l"\’,g?;tg Performance Matrix (Indicators)
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(Yu et al., 2018, RSE)

/

% Model performance decreases as Cross

RMS iIncreases.



Newcastle

oY University Conclusions

2 Generic Atmospheric Correction Online Service for INSAR (GACQS) is free
for the INSAR research community: (http://ceg-research.ncl.ac.uk/v2/gacos/).

s Our GPS/HRES-ECMWEF integrated model can achieve over 50%
improvement with RMS < 1 cm for InSAR displacements over a 250x250 km E
region, which can be applied globally and at all times, in near real time.

% Indicators such as correlation analysis, cross test and time differences have
been developed to assess model performances, which can inform users when
and where atmospheric correction is feasible.

» For a interferogram extending 250 by 250 km =>
EGU2018-14158, 14:00 Fri, L6

Spatio-temporally After Time series |
1ol elelEyE [> differenced [> GACOS [> constram/ﬁltermg'

~2 meter 5-20cm ~1cm mm level
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