ASSESSMENT OF A LOW-COST GNSS-IR SYSTEM FOR VEGETATION MONITORING N
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RESEARCH VISION ASSESSMENT OF SNR DATA RETRIEVED PHASE & VOLUMETRIC SOIL MOISTURE

v' Monitoring vegetation status has become one of the most § The installed GNSS station generates three distinct types of To better understand the changes In reflected signals due to
demanding parameters due to the increasing world population, ¥ observations: RHCP, RHCP + LHCP, and LHCP. surface parameters such as soil moisture, weather, and
climate change crisis, and vegetation’s vital role in the carbon ¥ In the initial analysis, we focused on RHCP data. Figure 3 vegetation conditions, we considered three estimated
cycle. presents periodograms for GPS L1 and Galileo E5Sb signals for parameters from the analyzed reflected signals: phase,
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v" In-situ observations at the local scale are key to supporting an elevation range of 5-25 aeToss four azimuth quadrants. no_rmallzed ,ampllt_u de, and volumetric soil moisture derived
C — Spectral behavior Is strongest In the southwest quadrant (180— using Chew’s multi-stage procedure (Chew et al., 2016).
rop Growth Models (CGMs) and validating Earth _ _ . . .
- : 270°). The results also confirm that the antenna center Is Vegetation and soil moisture (SM) both affect the phase by
Observation-derived products. _ . . . . .
approximately 5 meters above the surface, as expected. attenuating the reflected signal and introducing a phase shift,

v" GNSS Interferometric Reflectometry (GNSS-IR) is a popular 5. SEPT e GPS L1 Yot DY 2028255 5.0 25 p USRS koL D01 0425 drs.15 making the phase a strong candidate for studying their
technique for deriving environmental parameters, such as soil § e o T o NW: 270:360 o INE: 0: behavior. However, the phase is also used for retrieving soil
moisture, vegetation, and snow depth. moisture, meaning it reflects the impact of soil moisture as
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well. Therefore, for vegetation analysis, we assessed not only
the phase but also the normalized amplitude to determine if
vegetation-derived changes can be detected in either the phase
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GNSS-IR CAMPAIGN IN PETZENKIRCHEN, AUSTRIA
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s In Austria, crops like wheat, corn, potatoes, and vineyards are or the normalized amplitude.
mostly in small to medium eastern fields. S Figure 7 depicts the time series of phase alongside NDVI (top)
- : T : s haatber oo INAREE | ™17 A il and CWSI (bottom). After harvesting, a significant jump in the
wes Continuous crop monitoring Is vital for food security and LR | | RSN TYOR || vt R L : Py .
sustainabilit C o’ * e’ Do phase Is observed, around DoY 264, shifting from positive to
Y. Figure 3: Periodograms for GPS L1 (left) and Galileo E5b (right) RHCP signals from negative values. Interestingly, the influence of rainfall is
s Continuous vegetation monitoring optimizes irrigation and [ 9gnssrefl evident in both the phase and CWSI, with a correlation of
detects crop stress and drought early. In the next analysis, we examined periodograms for approximately 50%. Additionally, general trends in NDVI are
ysIs, P g
: : : : : + ' ' ' reflected in the phase; however, since NDVI shows almost no
We installed a multi-GNSS receiver at the Hydrological Open Alr RIHCI;)' e ang 1I(_)I_I?f€)IZ td atadusm? ot ITl SlgnalithIth trte relationshi withprainfall their correlation remains low
Laboratory (HOAL) in Petzenkirchen, ~100 km west of Vienna, eheva I?l? trarl]_?_legp d_t | ore UCZ (}W-ta;]ng € NOISE. The Tesu 3 P '
to analyze cornfield vegetation signatures in reflected GNSS SNOW - thd ata alone need Urtner - preprocessing -an 0a00{ [ -
signals quality checks due to multiple peaks. LHCP signals also appear B
more sensitive to surface topography than RHCP, requiring _ 0T 4
careful handling. Therefore, this study focuses only on RHCP = ool g
f‘i\‘?i A data 0.275 - -2
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Figure 1: Left - Location of the Hydrological Open Air Laboratory (HOAL) in Ml M 3 IS . B
Petzenkirchen, Austria; Right - Image of the GNSS site selected for the case study. o | e ] | O el | | VRl 260 270 260 350 360 370
- - eector eght ) U tecorheniim o e m eector et ) Figure 7: Time series of phase with NDVI (top) and CWSI (bottom).
Dual circularly 3G Modem H : Figure 4: Periodograms for GPS L1 RHCP+LHCP (left) and LHCP (right) signals from In the next Step, WE analyzed the trends In normalized
polarized (RHCP & il p gnssref. amplitude in comparison to NDVI and CWSI. Interestingly, the
LHgnF;()eﬂ;ISS A The GNSS dataset includes observations from periods with normalized amplitude exhibits a strong negative correlation
. " > vegetation (pre-harvest) and periods after its removal (post- with NDVI, approximately 635%, as it is not significantly
harvest), with harvesting occurring on DOY 264, 2024. Figure 5 Impacted by the amount of rainfall. On the other hand, the
a Septentrio ( Wl shows a clear vegetation signature on DOY 263, while on DOY dependency between CWSI and normalized amplitude is
mosaic-go multi- Solar system for 265, the vegetation influence is reduced. almost negligible.
GNSS receiver power supply 20 |DOY: 263, Pre-harvest, 0.425 |
o 0.98
with dual-antenna (~6 W) s 0.400 - Coe
: e 0.375 - '
S support y GNSS-IB sensor N y, 30 o ] 094 g
station " é 0.325 | 092«%
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The field of view of the GNSS antenna, installed at a height of 2] - - - - > o
approximately 5 m above the ground, was determined using the 008
. . 10 ' 0.96
Reflection Zone app. It encompasses a relatively flat area of N A .
cornfields, covering approximately 500 m2. An azimuth range of Fiqure 5: Reflector height for the day beTar (‘@4 the day after (right) harvesting, plot 5 05 0o2E
. . - - Igure o. ReTector nel or tnhe aay petore (top) an € day alter (ri arvesting, plots = oo <
240° to 360° WaS_ a_ISO selected py con5|der|n_g faCtO_rS like Satel!lte gegr]\erated with gnssreflgsoftware (elv>:/ 5-25°andpazimuth: 240¥270°). : ot 4 ZZ:E
geometry and minimal obstructions to provide optimal reflection = 5 = - e
conditions for GNSS-IR at this site ETRIEVED DAILY REFLECTOR REIGHT 0.1 | 0.84
We compared daily reflector heights (RH) from gnssrefl with . ooy T - o
Elevation angles (°): SMAP soil moisture (SM) and Sentinel2 NDVI for 2024. The Figure 8: Time series of normalize amplitude with NDVI (top) and CWSI (bottom)

In the final step, we compared the retrieved volumetric soil
moisture (SM) against SMAP data. As shown in Figure 9, the
general trends of both are nearly identical, with a correlation of
approximately 40%. The volumetric SM exhibits a stronger

time-series plots reveal the reflector heights tracking soil
moisture and NDVI trends, indicating their sensitivity to
vegetation and hydrological changes. Additionally, significant
rainfall events occurring in early September 2024 (DoYs _ _ _ _
256-260) and in mid-December 2024 (Doy 341), appear to dependence on rainfall e_vent_s, which can be attributed to its
have some influence on the reflector height, which might be due natur_e as local data _W'th finer _resolutlon, whereas SMAP
to the sensitivity of the retrieval algorithms to the surface provides global data with a resolution of 9 km.
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Figure 2: The field of view defined by the Fresnel zone for GPS L1 S 465 0.225 - 0,050
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Table 1 presents detailed information on all the datasets used in this o as 4.90 Figure 9: Comparison of volumetric soil moisture (SM) and SMAP data.
study. s _
Table 1: Information of used data in this study = D'Br | ss0 CONCLUSIONS AND OUTLOOK
Dataset Spatial Resolution Temporal Resolution 0.30 - (70 _
N This research explores GNSS-IR data from the HOAL
GNSS Data ~100-500 m2 (GRE Obs) ~ 70 minutes L e S gt oo L Petzenkirchen station. The results show its ability to monitor
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vegetation and soil moisture, alongside rainfall’s influence on

SMAP 9 km Daily Figure 6: Time-series of reflector heights (RH-red) from gnssrefl compared with SMAP SM A _

NDVILSentinel2 10 m ey (top, cyan) and MODIS NDVI (bottom, green) for DOY 240-340, 2024, the parameters. However, validation over a year Is needed to
cover all vegetation and soil moisture seasonal changes. In

CWSI2 MODIS 500 m (MOD11A1, MOD09GA)  ~ 5days ACKNOWLEDGEMENTS g g

future studies, we will use RHCP and LHCP signals to improve
retrieval of vegetation and soil moisture dynamics, while also
exploring frequencies like GPS L1 and Galileo L7.
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1. Normalized Difference Vegetation Index
2.Crop Water Stress Index
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