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 Backscatter observations (6°) from Sentinel-1 (S-1) (SAR, C-band) are key data for agricultural applications as they can be used to N
sense soil moisture levels and vegetation health. However, these data are characterized by significant uncertainty [1] which can 10
limit their effectiveness for such applications. parkltel | | CHCndular
 The value of o depends, other than the dielectric properties of the surface (e.g., related to soil moisture and vegetation) and [ to rows to rows |

roughness also on the relation between viewing radar geometry and the crop rows orientation (Fig. 1), i.e., azimuthal angles of
crop rows. Since this relation can lead to differences up 1.5 dB, removing the azimuthal dependency is critical when aggregating full
resolution o observations (~ 10 m) to larger grid scales (e.g., >100m) that comprise multiple fields to use them to retrieve
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* With this work, we aim to answer these research questions: Azimuth angle ¢ (degrees)
1. What is the magnitude of azimuthal anisotropies of c® over an agricultural region, evaluated at the parcel level (~1 ha)? 1 (A
2. Can we develop a normalization procedure to remove the azimuth dependence? ag,,(e,q» = z_lf opp(60') sec a(y) dy
3. Doesthe 0° VS azimuth curve show any seasonality? And if so, how is it related to vegetation growth? 0

Modified from Fig. 10-27, Ulaby et al.,
2014 [5].

 The viewing geometry is described by two angles: the (local)
incidence angle 6 (Fig. 2a) and the azimuth angle ¢ (Fig. 2b),
i.e. the angle between the projection of the orbit on the
surface and some reference direction, usually north, or in
this case the direction of crop rows.

* Dependence from 0: linear, can be normalized with different
techniques [2, 3], usually to a reference angle of 40° (Fig. 5).

* Dependence from ¢: periodic, usually considered
negligible. Can be due to multiple factors (e.g. sloping
terrain, aligned crop rows, buildings, wind-induced ripples
on water or sand), has no analytical description for S-1 [4].

* Ageneric, theoretical description of o° - ¢ over crop rows [5]
(Fig. 3) shows that it depends only on small-scale
roughness comparable to the radar beam’s wavelength,

N Higher backscatter from perpendicular rows, Background
A (/' lower from parallel.

which could be related for instance to vegetation growth
and geometry (e.g. branches, leaves, grass, etc...). It is also
expected that o® is maximum for alighed crop rows

. perpendicular to the radar beam (¢ =90°).
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a) | Study area ._

— 1001 \’}"\wh\ _100] e 64 individual vineyards in the Po Valley region, a flat Parcels

= 105 TR % ~1051 (average slope ~ 0), heavily cultivated and irrigated area in :EiLL::ed

T 110/ T¥~~ol | S110] Northern Italy, characterized by high landcover and study
s e 115 crop heterogeneity (Fig. 4).
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b) ™ T ———— 5 Normalization steps and a new azimuthal normalization
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s s « Sentinel-1 a°, ground range detected (GRD) observations are collected at nominal resolution (~ 10
_10'0_ ‘\1\\ _10'0_ m) for each individual field and then averaged over individual fields (with areas ~ 1 to 10 ha) and over 5

g | ___*____ir_‘_“_‘_:::*____jfsﬁ _______ | years from 2018 to 2023. The study area is covered by 4 orbits (2 ascending and 2 descending) with

S 105 ~~~\\\ 7!{ -10.5 1 . . o o

T ol L ol average local incidence angles (LIAs) between 33° and 45°.

s s * Fig. 5a-5c show the effect of normalization procedure on both 6 and ¢ already developed and applied
o 09(40°) = 0%(6) — (60— 40°) o in literature [1, 2]: observations are normalized at 6=40° (1b), then corrected for azimuth dependence
L std@)=a+pp N due to ascending/descending passes (5c).
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c)_8-5 Local incidence angle + | order azimuth normalization ’ * Fig' 5d shows the Il order azimuthal 83 t
~0.0 ~9.0 normalization procedure developed ool Fi8-7 J,\j;rF:sr I
95 ~95- in this study: observations are fitted N May-Jun 1.0

— ~100- ~10.0 with a harmonic cosine series [3] (Fig. ] y T ey Jul-Aug =
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<70 ~105 - 6) and bias is removed with respect to ~10.0 - / Nov-Dec 09 &2

° -1101 ~11.0- the reference value at 40° to which | - | gl — T~ =
~1151 0 0 =— ~1151 the observations were normalized in | = = 08 E
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o \ LA ¢ curve is repeated on not- 1204 5
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B : - Discussion and conclusions
~11.5 o (¢) = C+ ZA’ COS(1¢-¢,) Fig 6 . . . . . . . .
| | | i=1 | : | : « af%, shows a dependence on ¢ which is in line with the theoretical expectations (Fig. 3), and ¢
AN anisotropies contribute for ~ 1.5 dB and are only due to crop rows orientation.

~85 — . —  The new Il order azimuthal normalization reduces the range of ¢° - ¢ from 1.5 to <1 dB without

d) Local incidence angle + Il order azimuth normalization 4 ) . . . . . . . . .

9.0 \/ affecting 8 normalization (Fig. 5d). This normalization, however, can only be applied when information
~95 ~95 on ¢ is available for a sufficient number of fields and ¢ values.

D 1007 1 1 {11 1007 * Fitting the bi-monthly o%¢ curve (Fig. 7) reveals its dependence on seasonality, and that the

T > 1057 amplitude of the o%-¢ curve is dominated by summer months (mainly May to August). This

® _1104 1104 . . . .

o 1o a°(q5") —0—5 supports the hypothegls that the 0% ¢ dependence is mainly due to vegeta:clon growth and cou.ld be.a
e “HT 0 ‘/6 . proxy of the phenological stage. On the other hand, the mean value of bi-monthly observations is
~120 This study | | 201 Og = 0gy(@) —mean(a”(40°)) related to moisture, both in the soil and vegetation.
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Take-home message
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