N
N

N

HAL

open science

Sensitivity analysis of X-band SAR to wheat and barley
leaf area index in the Merguellil Basin
Giacomo Fontanelli, Simonetta Paloscia, Mehrez Zribi, Aicha Chahbi

» To cite this version:

Giacomo Fontanelli, Simonetta Paloscia, Mehrez Zribi, Aicha Chahbi. Sensitivity analysis of X-band
SAR to wheat and barley leaf area index in the Merguellil Basin. Remote Sensing Letters, 2013, 4

(11), 1107-1116, http://dx.doi.org/10.1080/2150704X.2013.842285. hal-00906743

HAL Id: hal-00906743
https://hal.science/hal-00906743

Submitted on 21 Nov 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00906743
https://hal.archives-ouvertes.fr

Sensitivity analysis of X-band SAR to wheat and barley Leaf Area
Index in the Merguellil Basin

Giacomo FONTANELLI¥, Simonetta PALOSCIA Mehrez ZRIBi, Aicha CHAHBF

" Institute of Applied Physics (CNR- IFAC), 50019, Firenze, |

*Centre d’Etudes Spatiales de la Biosphére UMR 5126 (UPS, CNRS, CNES, IRD),
31401, Toulouse Cedex 4, FR

SINAT, 1082, Tunis-Mahrajéne, TN
*Email :g.fontanelli@ifac.cnr.it

Remote sensing of vegetation by using active microwave seasorgortant for the management of land
and water resources. Microwave radiation at X-band penetrates only the uppédrtipartanopy; thus,
radar backscattering comes mainly from the top vegetation layer, ntakirsgattering from soil almost
negligible. Fourteen in-situ measurement campaigns were carried out dinitcty sixteen SAR images
of COSMO-SkyMed and TerraSAR-were acquired on the test site of Merguellil Basin, in the center of
Tunisia, from Marcho May 2012. A clear sensitivity of the backscattering coefficient, medduy both
sensors, to the leaf area index (LAI) of green plants of whedt barley &t both HH- and VV-
polarization3 was observed, arnitl did not seem to be greatly affected by the variations in soil mejstu
even in HH polarizationAs expected, the sensitivity to LAl of dry plantss, instead, almost negligible.
The decreasing trend of backscattering as vegetation grows, which has &leeadgbserved in past
investigations, also at lower frequencies, was confirmed. Due to tlilarspgometry and dimensions of
the two crop types, none of the sensors succeeded in separating thiepwypes.

1. Introduction

Remote sensing of vegetation using active microwave sensors can provide significant
help in investigating the Earthsurface at different spatial scales and with very frequent
revisiting times. Synthetic Aperture Radar (SAR) sensors have proved to be the most
useful platforms foma high-resolution surface analysis (e.g. Barattal 1995, Moran

et al 2000, Shet al. 1997.

Several SAR satellites have been launched recently, and other missions are planned for
the near future: e.g. COSMO-SkyMedC@nstellation of small Satellites for
Mediterranean basin Observatip((italy), TerraSAR-X (Germany), SeoSAR4dtélite
Espafiol de Observacion SARSentinel-1 (European Space Agency), Radarsat RCM
(Radarsat Constellation Missipn(Canada), Kompsat 5KQrean MultiPurpose
SATellit§ (Korea), RISAT Radar Imaging SatellidgIndia).

From the analysis of these data, significant information on soil and vegetation
parameters was retrieved, and therefore these techniques are being increasingly used to
manage land and water resources for agricultural applications, such as leaf water
potential (Malteseet al., 2011), soil water content (Ferrazzeti al., 1997; Palosciat

al., 2004; Paloscia&t al.,2008; Aubertet al.,2011), irrigation water management (Al-
Rumkhani and Din, 2004Cammalleriet al., 2012; Denteet al, 2008; Hadrieet al,

2010) and flood prediction (Aubest al.,2003; Bates, 2004; Mas@h al.,2010).

COSMO-SkyMed (CSK) and TerraSAR-X (TSX) are two European SAR missions, the
first one is supported by the Italian Space Agency (ASI) and the second one by the
German Aerospace Center (DLR). Both constellations consist of an X-band SAR



satellite-borne sensor, in multiple polarizations and angular configurations, capable of
achieving very high temporal and spatial resolutions, which can provide suitable data
for an operative crop monitoring and for all the applications related to the precision
farming (Balenzancet al, 2011; Bouman and van Kasteren, 1990; Capatial.,

2013; Fieuzaet al, 2013; Santet al 2012).

Mapping vegetation using X-band sensors has, nonetheless, certain limitationseUlaby
al. 1986), because radiation at X-band penetrates only into the upper part of the canopy,
thus relating the radar backscattering coefficietfi} (o the top layer of vegetation. This
weak penetration makes the contribution to the scattering from soil surfacet almos
negligible, therefore limiting the effect of soil moisture under vegetation on the
measurement.

A consistent research activity was carried out by IFAC-CNR (Institute of Applied
Physics of the National Research Council), CESBI@ntre d’Etudes Spatiales de la
BIOsphere) and INATInstitut National d’Agronomie de Tunisie) groups to explore the
sensitivity of 6° measured from soil and vegetation by using data from these two
satellites (e.g. Anguelat al, 2010; Aubertet al, 2011; Santet al, 2011 and 2012;
Paloscieet al, 2012; Pettinatet al, 2013).

In this letter, we focused our attention on the relationships betweamd leaf area

index (LAI) of wheat and barley crops on the semi-arid agricultural test-site of the
Merguellil Basin (Tunisia), which have been carefully investigated by using a high
number of satellite images and a consistent dataset of accurate ground measurements.

2. Methods
2.1 Description of thetest site

The test Site of Merguellil (Zribet al., 2011) is a station in the Kairouan plain
characterized by a semi-arid (35.57°N; 9.87°E). The rainfalls are very variable, from
200 to 550 mm gar™.

The area has an agricultural profile that has been significantly altered by extensive
water and soil conservation works. Instiplain, agriculture represents the main water
use and depends on extractions from the local aquifer. The main crops are cereals,
olives, tomates melons, water melons, chili pepper.

The Merguellil catchment has limited and fragile water resources, and faces increasing
water demand, which has led to an overexploitation of the groundwater.

2.2 Measurement campaigns

Fourteen measurement campaigns were carried out during the period from March to
June 2012, as shown in table 1.

Field measurements were carried in 25 agricultural fields of average dimensions of
about 4 ha, gathering 4/6 samples per field, according with direensions. Ground
measurements consisted of plant height (cm) and density (plahtsstam diameter

(cm), number of leaves per plant and their dimensions, angle of insertion of the leaves,
plant biomass (kg i), leaf area index (LAI, m2 ®), and plant moistureM,%,
computed as the difference between fresh and dry plant weight normalized to the fresh
weight). Volumetric soil moisture content (SMC, tom™) was measured by usiray
portable ThetaProbe, and soil surface roughness by using a needle profilometer. Leaf



area index (LAI) was selected as the parameter related to vegetation (wheat and barley
growth. An indirect method for LAl determination based on hemispherical canopy
photography (HCP) was selected, in order to obtain faster and dassu
measurements. HCP is a technique for studying plant canopies via photographs acquired
through a hemispherical (fisheye) lens from beneath the canopy (oriented towards
zenith) or placed above the canopy looking downwards (Jonckéeale2004).

2.3 SAR images

Sixteen SAR images were acquired during the period from March to May 2012 (eight
from TSX and eight fron€SK). The characteristics of teeimages are shown in table

2. The backscattering coefficient®] values derived from eight SAR images were
correlated to the correspondiitgsitu measurements; therefore, only these images were
used in this letter.

The available single-look images were multilooked with a window size of 5 pixels x 5
pixels in range and azimuth direction, in order to reduce speckle. The TSX Spotlight
images were delivered already multilooked.

Each image was radiometrically calibrated using the software SARScape®©4.4 (Holecz
et al.,, 1993). During the same processing step, SARScape© was also used to
georeference the images, using SRTM-8huitle Radar Topography Missjon
(Kropatsch and Strobl, 1990; Fetial.,1993; Meieret al.,1993).

In spite of the georeferencing process, some discrepancies may still haveedcemain
between the different SAR sensors, and each image wasdhegistered to an optical
SPOT Eystéme Pour I'Observation de la T@rmmage, with 10 m spatial resolution,
which was used as a reference.

The images, correctly georeferenced and co-registered, have a commonpsxglare
dimension of 10m.

3. Results and discussion

The analysis was carried out by directly relatiafy values at both HH and VV
polarizations to LAl of wheat and barley measured on ground. We reported the results
obtained at HH and VV polarizations separatdfpr one date, 16 April, both TSX and

CSK satellites flew over the site and their data have been compared, although they have
been acquired with a slightly different incidence angle (TSX: 35°, and CSK: A5°).
significant variability was observed in the LAl measurements, at each date, due to the
high heterogeneity of the fields in terms of plants density, phenological stages and
plants geometry. Fields irrigated during the satellites passes were excluded from the
analysis.

A general decreasing trend was noted inghas the wheat and barley plants grew, as
has already been observed at lower frequencies (i.e. C-band) in other experiments (e.qg.
Macelloni et al, 2001). This behavior is typical of narrow-leaf crops (such as wheat,
barley, alfalfa) at high frequencies, mainly at VV polarization, due to the high
absorption of the vertical structure of thin and dense stems (Macelicali, 2001;
Paloscieet al, 2012).

The effect of soil and vegetation moisture was also investigated.



3.1 Results of the analysis of the HH polarization data

The TSX ¢° values of the images collected in March (14 and 25 March 2012) were
correlated with LAl data of the correspondifigld measurement campaigns. During

this period, the plants underwent very fast growth. On 14 March the vegetation had an
average height of 30-40 cm, while on 25 March the height reached 80-100 cm, and
some plants already had a small ear (heading phase). The average soil moisture content
was 22% on 14 Maradmnd 11% on 25 March.

In figure 1 theo® values in HH polarization at the two dates are shown as a function of
LAI. The regression equations obtained for each date are the following:

o°y=0.62(LAI)-8.94 (14 March 2012; TSX) 1)
o0°nn=0.64(LAI)-9.69 (25 March 2012: TSX) (2)
0°1n=0.60(LAI)-9.39 (14 and 25 March 2012; TSx)(3)

The determination coefficieng?, is 0.82 for 14 March 2012, 0.60 for 25 April 2012
while for both datasets cumulated is 0.61. It can be observed thatwbewee clear
decreasing trend as the LAl increases, with a gdgeraiher high sensitivity to LAI,
especially on 14 Marghprobably because the vegetation conditions inside the fields
were more homogeneous. Thevalue for both datasets resulted to be < 0.05. The effect
of SMC variations was checked and found to be very low. The direct correlation
betweenc® and SMC produced, in fadg’<0.25, in spite of the general rather high
sensitivity of HH-polarization to soil moisture, even on moderately vegetated soils.

3.2 Results of the analysis of the VV polarization data

The vegetation reached its maximum growth during the first week of April 2012, when
the Vegetation MoistureM,) was = 85%. In this period two images frol@SK and

TSX, both in VV polarization, were acquired, on 8 and 5 April, respectively. The
average soil moisture content was 12% on 5 Apnil.8 April no data regarding soil
moisturewere available, but the value should haverbeeasonably very close to that of

5 April. By comparing the datasets separately for each date, the obtained experimental
relationships are the following:

o®w=0.76(LAI)-10.41 (5 April 2012: TSX) 4)
0°w=0.83(LAl)-11.50 (8 April 2012; CSK) )

It can be noted that, also in this case, theas a clear decreasing trend as the LAl
increases for both sensors, with rather high determination coefficir&§7 for CSK
andR?=0.79 for TSX) and similar slopes(.8). In some fields, the presence of a young

ear was visible, but none of the sensors was able to detect ip-vidiee is < 0.05M,
remains almost constant for the considered period, since its values drop down to 0.5-0.6
only in the senescence phase, which is a period not investigated in this analysis.

On 16 April, both satellites flew over the site. In this period, the vegetation underway
the ripening phase. The average SMC was 18%.cfhalues of both TSX and CSK
versus LAl of barley and wheat crops are shown in figure 2. The regression equations
are as follows:



o°w=0.81(LAI)-9.97 (16 April 2012; TSX) (6)
o°w=0.79(LAIl)-11.85 (16 April 2012; CSK) (7)

Although the CSK images were acquired with a higher incidence angle (45°) than that
of TSX (35°), the sensitivity to LAl was almost the same for both TSX and CSK
(R=0.70 for CSK andR’=0.76 for TSX). It should be noted that the average
backscattering level of TSMas about 2 dB higher than CSK, as it has already been
reported in Palosciat al. (2012), Santet al. (2012), and Pettinatet al. (2013). In any

case, the difference between the incidence angles would cause an opposite behaviour,
with CSK data showing higher level of backscatter.

In figures 3 and 4, the® values in VV polarization, collected for all the available dates

(5, 8, and 16 April 2012) are represented as a function of LAl for both sensors. The
sensitivity of 6 to SMC under dense vegetation cover was almost negligible, with very
low R? (<0.10).The black continuous lines represent the regressions relative to 8 and 16
April 2012 for CSK and 5 and 16 April 2012 for TSX, respectively, and are shown
below:

o°w=0.81(LAI)-11.70 (8 and 16 April 2012; csk§S)
o°w=0.79(LAI)-10.16 (5 and 16 April 2012; TSX§9)

The sensitivity to LAI of TSX invVV -polarization results to be slightly higher than CSK
(R2=0.80 and R2=0.69). Combining all data of TSX and CSK of 5, 8 and 16 April, the
sensitivity to LAl in VV-polarization decreases, but is still present, show.62:

o°vw=0.80(LAI)-10.95 (5, 8 and 16 April 2012; Tsx+csk§10)

At the end of April 2012, the barley and wheat plants were drying rapidly, and therefore
the correlation between LAl and plant water content decreased. Thus, the ¥2baind

both CSK and TSX sensors showed a lower correlation to LAI, since the radar signal is
physically more related to the water content.

The averag SMC was 9% on 27 ApriNo data regarding soil moisture are available on
24 April, although the value was likely closethat of 27 April.

A further LAl measurement campaign was carried out on 4 May 2012, when vegetation
was senescent. It was therefore impossible to obtain reliable LAl values using the
hemispherical canopy photography (HCP) technique. In fact, this technique produced
reliable LAl measurements for values higher than 0.2 only (Denetiadz2008).

4. Conclusions

Although X-band is not the best frequency for monitoring soil and vegetation
parameters, due to the weak penetration into canopy and soils, a rather high sensitivity
of the 6° of CX and TSX sensors to wheat and barley LAt joth HH and VV
polarization$ was observed during this research work.

First of all, the decreasing trend of as the vegetation grew, typical of narrow-leaf
crops (e.g. wheat, barley and alfalfa) and caused by the strong absorption of thin and
dense vertical stems (Macellatial.2001, Santet al.2012), was confirmed.

In general, we observed that the determination coefficients of the regression equations
betweens® and LAI were higher than 0.6-0.7, with a slope of about 0.8.



The p-value obtained for all correlations is always < 0.05, due to the significant amount
of experimental data and the rather high determination coefficients.

The sensitivity to the LAI of almost senescent plams instead not significant, since

the backscatter is mainly related to the total amount of water present in vegetadion (a
therefore to the plant water content), which considerably decreases in the ripening
phaseM, remains almost constant for the considered period, since its values drop down
to 0.5-0.6 only in the senescence phase, which is a period not investigated in this
analysis.

Although CSK images were acquired with a higher incidence angle (45°) with respect to
TSX (35°), the sensitivity of both the sensors to the wa$ almost the same, and the
averageo® level of TSX was found to be slightly higher (by about 2 dB) than CSK, as it
has already pointed out in previous investigations. Moreover, due to the strong
similarity in geometry and dimensions of the two crop types, none of the sensirs (TS
and CSK) was able to separate the barley from the wheat crops.

The sensitivity ofe® in VV and HH polarizations to LAl during the observation period,

at the end of which the vegetatiaas completely developed,dinot seem to be greatly
affected by the variations in soil moisture and remaimgh, with R?>0.70. The effect

of soil moisture was investigated and it was found, as expected, to be weak in March
and almost negligible in April and May, when the vegetation was fully developed. The
sensitivity to SMC was very low even in HH polarization, which is the most sensitive
mode to this parameter.
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Table 1 - Weather and vegetation conditions during the measurement campaigns (BBCH iseale
used to identify the phenological development stages of a plant, developed by Zadetkal., 1974).

Date Weather Measurements made Average vegetation condition

14 March 2012 Sunny, SMC, plant geometry Stem elongation, BBCEB.
clear-sky

15 March 2012 Sunny, SMC Stem elongation, BBCEB.
clear-sky

22 March 2012 Sunny, LAI Booting, BBCH=4.
clear-sky

24 March 2012 Sunny, SMC, plant geometry Inflorescence BBCH4. and
clear-sky heading BBCH5.

25 March 2012 Sunny, SMC, plant geometry Inflorescence BBCH4. and
clear-sky heading BBCH5.

28 March 2012 Sunny, SMC, plant geometry Inflorescence BBCH4. and
clear-sky heading BBCH5.

05 April 2012 Cloudy SMC, LAI (heterogeneity), BBCH4 .-7.

16 April 2012 Rainy SMC, plant geometry Ripening, BBCH:8.

27 April 2012 Sunny, SMC Ripening, BBCH:8.
clear-sky

04 May 2012 Sunny, LAI Senescence, BBGH9.
clear-sky

09 May 2012 Sunny, SMC Senescence, BBGH.
clear-sky

18 May 2012 Cloudy SMC Senescence, BBGH or harvested

29 May 2012 Cloudy SMC Harvested

30 May 2012 Cloudy SMC Harvested

Table 2 - Characteristics of the SAR images acquired on the Merguellil during the measurement

campaigns
Date Sensor Product Incidence | Polarizat Satellite
angle (°) ion pass

14 March 2012 TerraSAR-X Spotlight 35.3 HH Ascending
18 March 2012 TerraSAR-X Spotlight 30.2 HH Descending
25 March 2012 TerraSAR-X Spotlight 35.3 HH Ascending
05 April 2012 TerraSAR-X Stripmap 35.3 A Ascending
08 April 2012 COSMO-SkyMed| Enhanced Spotlight 45.5 A Descending
16 April 2012 TerraSAR-X Stripmap 35.3 A Ascending
16 April 2012 COSMO-SkyMed| Enhanced Spotlight 45.5 A Descending
24 April 2012 COSMO-SkyMed| Enhanced Spotlight 45.5 A Descending
27 April 2012 TerraSAR-X Stripmap 35.3 A Ascending
02 May 2012 COSMO-SkyMed| Enhanced Spotlight 45.5 A Descending
08 May 2012 TerraSAR-X Stripmap 35.3 A% Ascending
10 May2012 COSMO-SkyMed| Enhanced Spotlight 45.5 A Descending
18 May 2012 COSMO-SkyMed| Enhanced Spotlight 45.5 A Descending
19 May 2012 TerraSAR-X Stripmap 35.3 A% Ascending
26 May 2012 COSMO-SkyMed| Enhanced Spotlight 45.5 A Descending
30 May 2012 COSMO-SkyMed| Enhanced Spotlight 45.5 VV Descending



http://en.wikipedia.org/wiki/Phenology
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Figure 1 - HH-polarization backscattering values 6°yy) of TSX data on 14 March 2012 (red dots)
and 25 March 2012 (blue dots) versus LAl of barley and wheat crops (pl&tl together). Lines
represent the regression equations and refer to different datasets (red: 14 March; blu5 March;
black: both datasets).
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Figure 2 - VV-polarization backscattering values 6°\y) of TSX (red dots), at an incidence angle of
35° and CSK (blue dots) at 45°, versus LAI of barley and wheat on 16 Aprd012. Lines represent
the regression equations and refer to different datasets (red: TSX; blue: CSK).
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Figure 3 - VV-polarization backscattering values ¢°yy) of CSK versus LAl of barley and wheat on
08 April 2012 (red dots) and 16 April 2012 (blue dots). Lines represent the regressiequations and
refer to different datasets (red: 08 April; blue: 16 April; black: both datasets).
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Figure 4 - VV-polarization backscattering values 6°) of TSX versus LAl of barley and wheat on
05 April 2012 (red dots) and 16 April 2012 (blue dots). Lines represent the regression etjoas and

refer to different datasets (red: 05 April; blue: 16 April; black: both datasets).






