Explaining closure-phase temporal signals over vegetation:
The role of soil moisture and NDVI variability

Giovanni Nico("), Jodo Cataldo®, Rocco Miglionico(®
(1) CNR-IAC, Bari, Italy,
(2) Instituto Dom Luiz (IDL), Faculdade de Ciéncias, Universidade de Lisboa, Lisbon Portugal
(3) DIAN Srl, Matera, Italy

. . F L. -
(« .Sg::)'r?:; delle ‘ : Ciéncias puee, D l AN
* la o~ s  daUniversidade
Ricerche ULisboa i . .

differential interferometric analysis



Study areas

Data processing
Results

Conclusions

onsigli

Ricerche




Espadan ;

Ry ez
&
TS

R

Y

Soil Moisture (m3 m-3)

0.45

0.40

0.35 4

0.30

0.25

0.20

0.15 4

Soil moisture measurements

[ —=—Port 2 (TEROS 10 Soil Moisture) ]

Soil Moisture measurements at the
Sentinel-1 acquisition time

Espadanal

Moist measured (m3.m-3)

0.4 T T

0.35 b

03 4

0.25 4

0.15 1 1 1 1 1 1 1
Mar24  Apr24 May24 Jun24 Jul24  Aug24 Sep24 Oct24 Nov24

DatalLogger: EM 34679
Sensors: 2 x TEROS 10; GS1
Time interval: 1 hour

@

Consiglio
Nazionale delle
Ricerche

Ciéncias
ULisboa

differential interferometric analysis



Lisbon (Lezirias)

Soil Moisture measurements timeseries
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Oklahoma

Soil Moisture data from U.S. Department of Energy’s Atmospheric Radiation
Measurement (ARM) User Facility (https:/www.arm.gov/)
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Bari, Italy
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results

Landsat
Path 28, row 34 and 35

Sentinel-1 Processing

e Multiple Interferograms with different
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Oklahoma site

Ashion

Moist measured (m3.m-3)

025

e
Mari? Ar1T Mayl? Jnt? Jd17 Augly Sept? OATT Nev? Dect? lantd
MapleCity
Moist measured (m3.m-3)

bir
[
] .
ot [
|
| |
/
JYV
NV \
\/ |
. |
.26 | |
2 1
4
b
A “
015
Marl? ApriT May17 Junt? Jul7 Augl? Sepl? Oclt? Novi7 Dect? Janid

Ashton
NDVI / NDWI
- R
¥ - . -
- .
P - . -
= .
ozf ] .
o LN
1 ¢ 4 -
o ¥
. NOvi
a1 8 *  NOW
02
Mar7 ApT May1? Junt? 17 Augt <117 Novi7 Dec1? Jan1a
MapleCity
NDVI / NDWI
0s
a7 -
06 »
s "
—
04 ¥ - -
03 ] .. e
P .
ozt 4 S
P .
art A
0 oJ o
/ = non
at ®  noal
4 L |
az
Marl? Apr1? Mayt? Juni? Jull? Aug!? Sepl? D17 Nov? Dect? Janid

Vegetation Index / Closure Phase

Ashton

Ashton
Soil Moist / Closure Phase
40 1 40
30fe 30
20 20
10
=l
£ = 0
o g
] 2
& g0
@ @
o <
g & 20
[s)
-30
-40
-50 InSAR-ClosurePhase
Model-Obs
o LR=-0.63761 L] 60
5 0 5 10 15 20 25 30 Jul7 Oct17
Closure Phase Model (measured) (deg) Date
MapleCity
Soil Moist / Closure Phase
60 60
.
.
40 40
~
\
\
~
20 - 20
~
= ~
E‘ S
2 . =
) . s 2 0
o ) he]
@ . ® z
£
o AN @
e ° £
720 £-20
o
S N
hY
-40 A -40
N
AN
. Ay
60 -60
Re.0.87848 LI ®  InSAR-ClosurePhase
®  Model-Obs
80 -80
2 0 8 6 4 2 0 2 Jun? Oct17
Closure Phase Model (measured) (deg) Date

Vegetation Index

s . 40
L] L]
30 "~ .
s
20 - 20
’
= 10 . . ’
g ° 3
hel ¢ —_
5 ° ;Lo g 0
a ’ =
E=l se s
o -1 ’ 2
£ . £
7 20 e o -20
K=} +
O 3 ’/
’
40 ’ e -40
s ®  [nSAR-DecoPhase
e 7
50, o e * NDVI
®  NDWI
-60
0 0.05 0.1 0.15 02 0.25 Apri7 Jult7 Qct17
Vegetation Index Date
MapleCity
Vegetation Index / Closure Phase
60 60
- -
LN
40 40
e
20 ] 20
g
= -7 =
@ 0 - s . g o0
@ ce - h=A
o - T - - E
o . -
3 20 P LI ] . . T 20
K -
O
a0 -40
-
60 B0 e InsAR-DecoPhase
*&=033440 ¢ NOW
®  NDWI
80 -80
005 0 005 01 015 02 025 03 Apri7 Jun7 Oct17

Date

Consiglio F
Nazionale delle ‘
Ricerche

Ciéncias e
ULisboa ’

idn

differential interferometric analysis

20



Measured Soil Moist

0.40

0.35

0.30

0.25

0.20

Moist (m3 m-3)

0.15

0.10

1

LamontCF-1

o

p——"

0.05 .

11/04/2017 15:00

23/05/2017 07:00
03/07/2017 23:00
14/08/2017 16:00 |

Measured Soil Moist

0.40 4

0.35

0.30

0.25 4

0.20

Moist (m3.m-3)

0.15 4

0.10 o

0.05 .

J——

e

e P e
—
e

26/09/2017 08:00

11/04/2017 15:00

23/05/2017 07:00 |
03/07/2017 23:00
14108/2017 15:00 |
25/09/2017 07:00

Consiglio
Nazionale delle
Ricerche

Ciéncias e
ULisboa §

d

idn

Lamont-CF1

NDVI / NDWI
osf
ar
.
06 .
osf o
.
04
. . .
oaf
0z . ¥ .
o1 - b
o w -
i =
o1 - ®  NOWI
Warl? Ari? Mayl? wi? T Augi? Sepl? Octi? Nowl? Dect? Jamis
Lamont-CF1
Moist measured (m3.m-3)
0.4

0.25

0.05
Marl? Apri7 May17 Juni7 Jul17 Augl7 Sepi? Qat17 Nowl7 Decl? Jan1g

Waukomis
NDVI / NDWI
0sf
ar
06
05
0.4 .
e —aee
03 » e
o .
0z .
o
arf .
P .
of e
0r o
NOVI
a1t e nNOWI

a2 - ” v ———
Mari7 ApriT May!? Juni? W7 Augi7 Sept7 Qa7 Novi? Dect? Jante

Waukomis
Moist measured (m3.m-3)

005 . R N " N R " " .
Marl? ApriT May1? Junl? Jull7 Augl? Sepi? Ocli? Nowl? Dect? JaniB

differential interferometric analysis

Closure Phase (deg)

InSAR-ClosurePr
Model-Obs

Lamont-CF1
Soil Moist / Closure Phase
10 10
L]
5
5 .\
* 0
0
L] L]
. 5
5 - =
AY
. B .10
. =
-10 Y ©
. 2 .15
N z
-15 .
A -20
A
A
-20
Ay -25
A\
25 \ -30
. “
R =-0.93151 .
-30 -35
-40 -30 20 -10 ]
Closure Phase Model (measured) (deg)
Waukomis
Soil Moist / Closure Phase
40 . 40
30
30 "
20
— 20
g 10
k) P
e ?
@ . =3 o
£ 10 @
s / ¢ -
? o
2 ’
S SRR -10
0 ’ .
//
/. -20
¥
-0 R=piesit @
4 -
v 30
-20 -40
-40 -30 -20 -10 0 10 20 30

Closure Phase Model (measured) (deg)

Jun7 Oct17

Date

Oct17

Jult7
Date

Lamont-CF1
Vegetation Index / Closure Phase
10 40
.
5 s 30
L
0
20
- . /
2 5 /
= g 10
2 L
T 10 2
© &
£ o
<1
815
-10
-20
.
25 -20 ®  InSAR-DecoPhase
. NDVI
R =-0.34888 . * _Nowi
30 -30
-01 ) 0.1 02 03 04 Apr17 Jun7 Oct17
Vegetation Index Date
Waukomis
Vegetation Index / Closure Phase
40 . 40
®  InSAR-DecoPhase
35 NDVI
®  NDWI
30 &
30
25
2 A
o \
8 5 = 20
= o
L+ @
o TN =
£ 0 < o 15
o @
3 z
z 10 \
] . p
0 .
5
L &—a
0 .
-10 R =-0.69924 . ¢ ‘\o
-5
=20 -10 -
-0.05 0 0.05 0.1 0.15 02 Apr17 Jun7 Oct17
Vegetation Index Date

21



Marshall

Phase (deg)

Tryon

Phase (deg)

Marshall
NDVI / NDWI Soil Moist / Closure Phase
4
L]
08 .
2
07 e o oo .
.
06} o . o .
o .
06 -
- =
. —— ha o 2
04 & T » =1 .
~ . g e\, *
03t . g, .
e o ~
0z . 2 Y
l\‘_,, -8 2 AN
01r 5 e
L N
of \\
8 -
oy \\
~
02 0 *
Mar17 Apr17 May17 Jun1? Jul1?7 Augl7 Sepl7? Ocl17 Now17 Decl? Jan18
R =-0.77485 .
-12
3 25 20 15 -0 5 0 5
Closure Phase Model (measured) (deg)
Tryon
NDVI / NDWI Soil Moist / Closure Phase
08 s
0.7 -10
06 _-15
] 8 Z
L -
0.5 po . P . . % 20
kg . @
04r - ®
o . £ 25
o .
03fF . -~ ]
* e e ® -30
- o
0.2t P Y 3}
- “~ -35
01 F
40
ot
01 45
R =063133 Ld
| 1 ) " ) ) 50
02 -25 -20 -15 -10 -5

Mar17  Apr17 May17 Jun1? Jull7  Augl? Sepl? Oct1? MNovl7 Decl? Janig

Closure Phase Model {measured) (deg)

® |nSAR-ClosurePhase
®  ModelObs

-45

-50

Ju7?
Date

INSAR-ClosurePhase
Model-Obs

QCet17

Jun7
Date

Qct17

Closure Phase (deg)

Marshall

Vegetation Index / Closure Phase

4
L] .
L] .
2
0 L] L]
’
7’
7
-2
.e s
s @ ;/
4 - ’
.
¢
#
5 4
Land . e @ .
-
-8 oe
-10
R =0.5%408
-12
-0.05 0 0.05 01 0.15 02
Vegetation Index
Tryon
Vegetation Index / Closure Phase
0 . . 20
L] L]
’ -
5 i *
P 10
E /
10 7
l/
-15 7 0
—_ . ey .
iy £,
20 ¢/ —
- / 2-10
g 17 2
< ’
% 250, %
] i -20
2 30 . .
6 . L]
-35 30
-40
-40
-45
R=057786 @
-50 -50
0 0.05 0.1 0.15 0z

Vegetation Index

20
15
10
g 5
=
(]
&
c 0
o
-5
-10 ®  nSAR-DecoPhase
®  NDVI
®  NDWI
-15
Apri7 Jul7 Qct17
Date
N
3
®  InSAR-DecoPhase
®  NDWI
®  NDWI
Apri7 Jul7 Qct17
Date

Consiglio

‘ . Nazionale delle
Ricerche

Ciéncias e
ULisboa =%

nrsidzdn

i

differential interferometric analysis

22



E. Wigetal, IEEE TGARS, 62,5212315, 2024 50
F. DeZan et al, IEEE TGARS, 52(1), 418-425, 2014 40
30
_ —inx 2 207 N
S = Ssurf t Sq "€ o
8 107
x\ __0 0 —in{x+in,x o
(51 52> =OsurftOg € "1 2 E of (
/ AN C / XN
————— Soil Maoisture (%)
GO — 0 _ 0Oz \
surf ~ G4 = 1 20t 78
X = ﬂ .d =0 z 4 ,;-, é. ‘1IIII- '|Iz 1I4 1I5 18
7\‘ Sample
@ [Clse = DIAN 23




50
(€,=5 ¢,=-0.2) - A=5.6 cm

80 i T T T T T 40
I\
(
A o
\ —
60 | =
| ‘I o 20
|| @
| 5
. 8 10
\ o
aof | | 1 o
= [ g o
E 1 =)
£ | o
3 [
@ | -10
£ 20 " l
® [
E} | \ -20 zB
2 | |
2 | |
o | L
ol | - N _ | _ -30
\ — 0 2 4 [ 8 10 12 14 18 18
| Sample
|
\
Clay- A=5.6 cm
20} ] Clay- A\=24 cm y T T
T T T T T T T T T
SM - linear increase

(=2}
T

SM - linear increase
SM - linear decrease SM - !ineardecrease i
40 1 1 1 1 1 6 SM - jump a SM - jump
0 5 10 15 20 25 30 35 40 45
d [em]

4 il L 4

E. Wiget al, IEEE TGARS, 62,5212315, 2024
2 . 4
0 — ' —

~

—_ 2L
=3 =3
s g
o — oy
8o — 30— —
= - -
o =
o 2 -2r b
(@] L
Q
4 -
4+ \ _
-6 -
6 i
8 - —
1 1 1 1 1 1 1 I I 8 )
0 2 4 6 8 10 12 14 16 18 20

d [cm]

o
-y
N
w
£y
w
=)

Consiglio F . n .
<‘. .Nazionale delle ‘ CI?I‘II:ICIS
Ricerche ULisboa

differential interferometric analysis

24



1clusion and future work

* Phase closure seems to be correlated to soil moisture but only over bare soils

 Over vegetated areas is has been found a correlation between phase closure and the
temporal change of vegetation indeces (e.g. NDVI)

* Need for a modelling of the vegetation layer (e.g. Y. Yuan et al. IEEE TGARS, 62,
4411412, 2024)

 Need for more advanced modelling for soil moisture (e.g. W: Gronnemose & B.T. Rabus.
IEEE TGARS, 63, 2001612, 2025
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