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Abstract.

Cosmic-ray neutron sensing (CRNS) has gained popularity for estimating soil water content (SWC) due to its innovative ca-
pability to measure at an intermediate seale—a-scale—a notable advantage over point-scale sensors, which are often sparsely
installed and lead to inaccurate absolute values due to small-scale heterogeneityresult-in—uncertain-absolute—values. CRNS
serves as a crucial link between small and large scales and has been emerging as a reference measurement for remote-sensing
algorithm-validation-for-its-ability-to-link-the-small-and-large seales—Yetvalidating remote sensing algorithms. However, the
sparse availability of long-term datasets limits use of this possibility. Within the framework-of-projeet-DFG-research unit
Cosmic Sense and the European SoMMet 2/GRDOS8 —multi-seale-project, multiscale soil moisture monitoring was imple-
mented to integrate CRNS with complementary in-situ observations. In this paper, we present harmonized soil moisture data
from different sensor types, including a CRNS cluster, shallow soil moisture measurements, and soil moisture profile data, cre-

ating a ready-to-use dataset as a reference observation for remote sensing products, covering a highly-instrumented agricultural

site in the northeast of Germany. The data-ineludenewly established Potsdam Soil Moisture Observatory (PosMO) comprises
16 stationary CRNS sensors ;-with-co-toeated-with point-scale SWC sensors (mostly-permanent);-two-groundwater-observation

wells;meteorological reeordsrinstalled at the same locations in different depths and data from intensive manual sampling cam-
paigns (covering SWC, bulk density, organic matter, etc.). This dataset distingui ttsel i tes nereas




20

25

30

35

40

45

goes beyond other studies by covering a larger area of approx. 1 km*-while-stitt-having-2, while nevertheless achieving a

high sensor density and overlapping footprints-of CRNS-mostly overlapping CRNS footprints allowing for nearly complete
coverage. Complementary measurements of soil properties, vegetation, groundwater, meteorology, and remote sensing imagery.
RWIMWMMWWWWWWW Fhisallows-a
se-The data are available underthe(Grosse-et-al;2025)
providing-at https://doi.org/10.23728/b2share.bxamy-4zh855 and provide a new reference data-set-dataset for remote sens-

ing products, hydrological or land-surface modelsand-for-otherproduetstinked-, and other applications related to soil water

balance.

1 Introduction

The dynamic storage of water in the-soil is an important

eyele-and-eritieal-for-the-exchangefluxes-component of the terrestrial water cycle, yet it exhibits pronounced spatial and
temporal variability. It regulates water and energy exchange between land surface and atmosphere ;-ecohydrology;-agriculture;
forestry-and plays a key role in ecohydrological processes, agricultural productivity, forest dynamics and groundwater recharge.
Consequently-Due to its critical influence on weather, climate, hydrology. and ecosystem functioning, soil moisture has been
identified—designated as one of the Essential Climate Variables (Bojinski et al., 2014). lts-monitoring—is—not-only—related
to-research-from-elimate science-to-ecologyReliable soil moisture observations are therefore needed not only for climate
Mglgg/lg%(mch but also WWWWVWMH resources management, flood

ng-irrigation planning, and

agricultural management, as well as flood and drought forecasting and weather prediction (Vereecken et al., 2008; Brocca
et al., 2017; Moragoda et al., 2022; Levi and Bestelmeyer, 2018; Molenaar et al., 2024; Srivastava, 2017; Hovel et al.,

2025; Pendergrass et al., 2020; Abioye et al., 2020; Lachenmeier et al., 2024; Szilagyi and Franz, 2020). Main-—challenges
are-the-observation-at-different-scales-limited-direct-coverage-of- Major challenges include the need to observe soil moisture
across multiple spatial scales, the limited ability to directly capture root-zone soit-moisture-and-deep-storagein-soils; and
uneertainties-and-diserepancies-betweensatellite remote—sensing-and deeper soil water storage, and the spatial and depth

mismatches between satellite observations and in-situ measurements (Oswald et al., 2024). Accurate measurements for spa-

tial scales beyond the point scale eontinue-to-be-challengingremain challenging, as small-scale variability-eaused-by-variation

due to heterogeneity in precipitation, soil properties, vegetation, and other influences question the applicability of point-scale

sensors to achieve good spatial and temporal coverage beyond the spot measurement (Peng et al., 2021). Point-scale ob-
servations range from campaign-based manual soil sampling to long-term observations using dielectric permittivity-based
methods (time-domain reflectometry, frequency-domain reflectometry, capacitance-based sensors) or suction-based methods.
These techniques provide observations at-with high temporal resolution but due to their small support volume (typically just

only a few cubic centimeters) at

only (Robinson et al., 2008). Thus, due to the aforementioned heterogenelty of soil water-contert-(SW-E)moisture, their rep-

selected locations
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When deployed as networks, these sensors enable
representative observations of volumetric soil moisture content, in the following called soil water content (SWC) at the field
scale (Bogena et al., 2022; Rosenbaum et al., 2012). However, installing and operating sensor networks is resource-intensive
and may interfere with agricultural management practices, especially tillage, and thus are limited in areas where soil-moisture

observations could be particularly informative.
Over the past decades, satellite-based remote sensing has significantly advanced the measurement-assessment of SWC from

space. The most notable progress has been achieved using microwave sensors, which offer the distinct advantage of being

operable under all weather conditions and during both day and night—Hewever,remote-sensing-estimates—of-SWCreferto
the-upperfew-centimeters-of-the-soil-and-are-aequired-at-, however with the temporal intervals determined by the satellite’s
observation schedule. Global-scale SWC measurements with spatial resolutions of approximately 25 x 25 km? or coarser 5
and-high-temperal-frequeney-(every-and a temporal frequency of 2-3 days), are currently available e.g. through missions such
as the European Space Agency’s Soil Moisture and Ocean Salinity (SMOS) mission (Kerr et al., 2001) s-or NASA’s Soil
Moisture Active Passive (SMAP) mission (Entekhabi et al., 2010). Furthermore, the long-term Copernicus program, via the
Sentinel-1 (S-1) radar satellites, is fostering the development of operational SWC monitoring at higher spatial resolutions,
down to 1 km (Bauer-Marschallinger et al., 2019). The quality assessment of satellite-derived SWC products heavily depends
on ground-based measurements (Dorigo et al., 2021). However-a-eritical-challenge remains:the-seale-mismateh-between-A
persistent challenge in this context is the mismatch not only in spatial scale between the relatively coarse satellite footprints
and point-based in-situ observations, but also in depth, as satellite sensors primarily capture near-surface soil moisture while

round measurements often represent deeper layers (Gruber et al., 2020) This mismatch complicates the spatial-reselution-of
he-accurate validation efremete

wﬂ%ﬁeé%%mb%%%%@awk@%mmﬂm
Introduced in 2008 (Zreda et al., 2008), Cosmic-Ray Neutron Sensing (CRNS) technology has emerged-and-meanwhile

proven to be a valuable method for intermediate-scale soil moisture measurements, applicable in different land-use and vegeta-

tion settings, including forest (Rivera Villarreyes et al., 2011; Baatz et al., 2015). The non-invasive detector retrieves soil mois-
ture time series by detecting the intensity of epithermal neutrons present above ground. This epithermal neutron count rate is in-

versely correlated to soil moisture, or more precisely, the hydrogen content within its support volume, termed "sensor footprint"
in this context, extending vertically about 15 to 60 cm and horizontally about 150 to 200 m radius (K&hli et al., 2015; Schron
etal., 2017). Fhe-neutron-Neutron counts are typically accumulated over a-period-of-hours;-correctionsfor-other-several hours,
yielding neutron count rates, that are corrected for influencing factors such as air pressureapplied;-and-converted-to-volumetrie

., and then converted to soil water content using a custom calibration function (Desilets et al., 2010; Zreda et al., 2012).

S1gn1ﬁcant advancements have been made in the past decade in areas-such-as-signal-correction-(MeJannetand Desilets; 2023);

signal correction (e.g. Baatz et al., 2015; Schron et al., 2018; Mc



interpretation (e.g. Kohli et al., 2021; Schron et al., 2023; Rasche et al., 2021), sensor calibration/uncertainty reduction (Sehrén-et-al5261

85 (e.g. Schron et al., 2017), and data processing (?)(e.g. Power et al., 2021b, 2025). As a result, Cosmie-RayNeutron-Sensor
CRNS technology is increasingly titized-tested for diverse applications, besides soil meistire-content-meastrements—alse

for-biomass-estimation(Jakebi-et-al; 2018; Brogietal;2022)water content measurements it could alternatively also give an
estimate of biomass or interception (Baroni and Oswald, 2015; Jakobi et al., 2018; Brogi et al., 2025) or is used for irrigation

assessment (Brogi et al., 2022), and observations of snow water equivalent (Sehattan-et-al; 204 -However itsmajoradvantage
90 -—providing-a—(Schattan et al., 2017; Bogena et al., 2020). Overall, the major advantage of CRNS is its ability to provide a

time-resolved, large-scalean

far, and integrative measurement of the so-called root-zone soil moisture (RZSM), representing soil water storage in the upper
decimeters of the soil profile. This zone typically contains the highest root densities for many many vegetation types and
thus constitutes a key component of soil water storage and the critical zone. Consequently, CRNS captures a substantially
95 larger fraction plant-available soil water than the so-called surface soil moisture (SSM) retrieved commonly by satellite remote
sensing. Nevertheless, it has remained underutilized in its first decade, though for some years now there are studies actually.

employing CRNS data in hydrological modeling, deriving water fluxes or snowmelt using the CRNS data, beyond merel
. Shuttleworth et al. (2013); Barbosa et al. (2021); Patil et al. (2021); Scheiffele et al. (2025);

2 2

comparing their results to it (see e. Arnault e

. This can largely be attributed to the refative-initial sparseness of sufficiently-long records, and-the required expertise in their

100 conversion to soil met

in-its-stgnalwater content and technical questions of directly using CRNS-derived root-zone soil moisture in modeling.
The non-invasive and low-maintenance nature of CRNS technology, eombined-together with its ability to record-data-over

longperiods;made-it-a-promisingto provide long-term continuous observations, makes it a highly suitable tool for remote sens-
105 ing assessments (Babaeian et al., 2018; Mengen et al., 2023; Beale et al., 2021). While-Although various CRNS-datasets have

been published (e.g. Bogena et al., 2022; Cooper et al., 2021; Dorigo et al., 2021), they are mostly composed of solitary, i.e.

spatially detached, stations. Although-single-footprint-sizesrepresent-a-major-step-While the footprint of an individual CRNS
already marks substantial progress toward matching the spatial resolution of remote sensing products (Meyer et al., 2022)
, they still fall short of the spatial-resetution—required-bysemepixel size used by many applications. Combining multiple
110 ERNS-sensors-CRNS sensors in close vicinity remedies—this-issuehelps addressing these spatial limitations. By establish-

ing dense CRNS station networks, so called CRNS clusters, recent studies have begun to address-the-tack-of-comprehensive
datasets:-these-CRNSsensors-are-operated-with-fill the gap of comprehensive spatial datasets: overlapping or adjacent feetprints
providing-a-robust-option—{for-CRNS footprints provide a robust means of capturing the spatial and temporal distribution

variation of soil moisture in the covered area. To date, three such data sets have been published. At the pre-alpine agro-
115 sylvo-pastoral headwater catchment site in Fendt, 24 CRNS sensors were installed-over-a-deployed across 1km? areafora
shert-period-of-two-months—for a two-month period (Fersch et al., 2020). In 2020, at-the-Wiistebach-catchmentin-the-Eifel
Mountains;—15 detectors were operated over—for three months in the 0.4 km? ef—fere%fed«laﬁd%empefafy—feﬁfhfeeﬁteﬂfhs
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cently, Heistermann et al. (2023) reported-the-data-from-presented three years of observations from a high-density cluster of
15 CRNS sensors-over-a-stations installed over 0.1km? lowland-agrieuttural-siteat-the-of lowland agricultural land at the
Marquardt site of the Leibniz-Institut fiir Agrartechnik und Biookonomie (ATB)Marguardt. The latter cluster was the only one

& ) s 1oL )

xplicitly aiming for long-term operation (i.e. beyond one year
and was intentionally configured at unusually high density to exploit the strongly overlapping CRNS footprints, together with

inversion techniques, to resolve sub-footprint heterogeneity.
The i

provide-areferencesoilmoistare-datasetPotsdam Soil Moisture Observatory (PoSMO) replaces the former high-density cluster
at the ATB site and was established to provide spatially representative reference data for validating high-resolution satellite

soil moisture products and for capturing hydrological extremes. Its design was guided by the following objectives (i) to exploit

the footprint sizes of the CRNS more completely than before: (i) to cover an area of about 1 km?, with a denser coverage
at the core and a looser coverage at the outer parts; (iii) to keep some of the former CRNS stations (position and device
to provide long-term time series continuing former observations, as valuable e.g. for satellite remote sensing —Compared-to
Heistermannet-al(2022)- it extends-instrumentation-to—comparison; and (iv) to enable a closer link to surface soil moisture
remote sensing observations by adding shallow point scale sensors.

PoSMO integrates 16 distributed CRNS sensors with complementary point-scale soil moisture measurements from shallow
depths consistent with remote-sensing penetration depths to profiles down to 1 -m, enabling both horizontal and vertical
characterization of soil water dynamics. Operational since mid-December 2023, PoSMO covers approximately 1-3 km*-te

SO O viiwasivie t O aptd yaroto21ca ana—aaca omp ary—aata A Y, s, a

and-Lidardata—stable-isotopes—eleetrical resisitvity tompgraphy,—ete—-to->_of predominantly agricultural land and provides
continuous soil moisture observations under a wide range of hydrological conditions, including droughts, heavy rainfall

irrigation events, and Snow cover.
Complementary data sets enhance soil moisture reconstruction at the km? scale—Besides-theseil-moistarefrom-CRNS;

for CRNS calibration (soil moisture, bulk density, texture and soil hydrogen pools), hyperspectral and Lidar data, stable water
isotopes, electrical resistivity tomography, and others. SWC monitoring at PoSMO is intended to be continued further, to finally
be able to provide a three-years data set (as a future update to the first data set presented in the current paper).
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In the following we will introduce the field site with the CRNS seﬂsefs—aﬂéﬁese—wefeﬂpp}emeﬂ{eweﬁﬁhaﬂewef

sf&néaféreemmeﬂ}yﬂised—feﬁ&mv&ﬁe}aﬁeﬂinstallation and supporting instrumentation, describe in detail the observations
data processing and calibration workflow, and finally present exemplary results illustrating key dynamics in the dataset and
highlight future applications of PoSMO as a long-term reference site for remote sensing and hydrological research.

2 Study Area and Instrumentation

2.1 General-deseription

11-2649;-

The Potsdam Soil Moisture Observatory (PoSMO) has been established by the University of Potsdam began-operating—a
dense-CRNS-cluster-at-at and around an agricultural research site located in the Potsdam-Marquardtsite-as-part-of-the Cosmic
in-the-northwest of Potsdam ;-has

ottside-of t—Reeent-investigations-have beenpart-of-ATB. In its central part the DFG research unit Cosmic Sense ane¢-had
operated a dense CRNS cluster since end of 2019, referred to as the "Marquardt cluster”. This cluster was originally designed to
exploit strongly overlapping CRNS footprints for assessing sub-footprint soil moisture heterogeneity. Within the second phase

of Cosmic Sense and for the interdisciplinary EURAMET (European Association of National Metrology Institutes) project
21GRDO8 SoMMetrunning-untit-end-of 2025-and-September 2025, respeetively, a new cluster setup was envisioned, now as a
key long-term soil moisture monitoring observatory at km? scale. The main aim has been the observation and harmonization
of soil WW across multiple spatial and temporal scales. The-automated-observations-are-scheduled-to-be

~To achieve that, the
newly-created POSMO was implemented by repositioning and refurbishing some of the existing CRNS stations but also by
deploying a number of additional CRNS stations, a station setup consisting of CRNS senor, dielectric profile and single-depth
soil water content sensors. By that the former cluster was not only extended by nearly an order of magnitude, but now includes
cropped fields larger in size than before, also outside the fenced ATB site. To further increase the spatial coverage of PoSMO,

a suitable location with similar land use and soil type was selected approximately 2 km east of the ATB (Fig. 1).
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Figure 1. Locations of CRNS stations at the Potsdam Soil Moisture Observatory (PoSMO). Numbers refer to the station IDs, a station

consisting of a CRNS device and point-scale shallow and profile soil moisture sensors installed in close proximity. The purple area indicates

the extent of predominantly agricultural land with broadly similar land use and soil types, representing land-use unit that PoSMO aims to

characterize and provide reference data at landscape scale and that is consistent with the spatial aggregation of satellite soil-moisture products

forest and settlement areas excluded). Background image from Google Earth (retrieved in September 2023 (Gorelick et al., 2017), Maxar

Technologies).

As a result, the denser cluster in the western part of PoSMO provides an actual soil moisture measurement covering the

complete area of the ATB site including its immediate surroundings (approximately 0.7 km?) under mixed agricultural land

across the fenced ATB site. The coverage is expanded by one CRNS station directly east of the ATB site and especially the
more isolated easternmost CRNS station, both reflecting a more typical remote sensing validation setup, with one station
representing a rather homogeneous land use in its surrounding (Schmidt et al., 2024). Altogether POSMO could be taken to
represent an area of about 6:7-3.4 km? area-of predominantly cropped fields and meadows, with some other agricultural land
use and loose urban settlings (Fig. 1). The current setup thus combines the scale of coverage of the first temporary CRNS cluster

The ATB site, as the most densely instrumented western area of PoSMO, is located at 40 m a.s.l. s-ineluding-on a gentle
hillslope sloping towards the lake in the west and characterized by diverse experimental agricultural plots (Fig. 2). Crops grown
include cereals, maize, alfalfa, sunflower, rape-seed;-meadows,-diverse-types-and rape seed; the site also features meadows, a
variety of orchards (cherry, apple, maroni)-and-youngpopla underrain-fed-managemen chestnut) and a poplar short-rotation
plantation. With exception of a few irrigated orchards and lecal-irrigation-measures-occasional local irrigation (on potatoes,




@® CRNS location... Orchards
CJ ... and 200 m radius Farmland
¢ Continuous SWC profiles Forest
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Figure 2. Overview of the main part of PoSMO, showing continuously operating CRNS stations with the numbers showing their ID (a station

includes a CRNS detector, point-scale shallow and profile soil moisture sensors), as well as groundwater monitoring wells and climate station.

The approximate horizontal footprint of the CRNS detectors, based on a 150 m radius, is given as highlighted area, with the envelope of

the area covered indicated as dashed line. Additionally the map shows the two ERT transects, hyperspectral camera position, Bonner sphere

spectrometer location and calibration sampling points (Manual ThetaProbe profile and Split-tube profile). Background layers illustrate land

use such as farmland, buildings, lake and forested areas that are based on OpenStreetMap (OSM) with few amendments.
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maize and spring wheat), the site is un i Rafagemen ertetttural-field-plots and-mainly rainfed. The

observatory is situated on predominantly periglacial eposits with sandy to loamy topsoil (0 to 50 cm depth) and
soil texture ranging from 68-91% )-withsittcontentrangingfrom-sand, 8-27% and-etay-fromsilt, 0.6-4.4% —Organic-matter

contentrangesfrom-clay, and organic matter contents between 0.4-17.3% (by mass). The climate is temperate, with an average
mean annual precipitation of 584 mm (1981-2010) and an average-mean annual temperature of 9.3°C (Cfb by Képpen-Geiger).

The groundwater table lies between 1.5 and 10 m beneath the surface, and two observation wells instaled-in2049-continue-te

observations are provided by an on-site weather station, a second station 5 km away (both operated by ATB), and a third
station 12 km away operated by the German Meteorological serviee-Service (DWD) -ensure-comprehensive-meteorologieal

The site is representative of typical lowland agricultural landscapes in northern Central Europe, situated within a climatic
transition zone between maritime and continental influences. Moderate seasonal contrasts allow the site to capture a broad
range of hydro-meteorological conditions relevant to temperate agro-ecosystems. As such, the site serves as a valuable model

enviroment-environment for investigating soil moisture dynamics across diverse hydro-climatological conditions, including

dry periods, snow events, and variable precipitation patterns. Its—setting-enhances—the-transferability-of findings—to-—similar

v-Although the two research projects Cosmic
MMQ that initiated and supported the establishment and operation of the observatory have finished end of 2025);

» automated measurements are scheduled to be continued -0
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2023-at-each-of by University of Potsdam at least until end of 2026, allowing for future updates of the +6-¢clusterloeations
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255 3 Observations and datamethods

The following subsections provide an overview of the instruments and related observations that comprise the dataset. Table

1 summarizes the various sub-datasets collected:

10



Table 1. Overview of section 3: brief summary of each data subset, main observed variablesand-, units, and temporal coverage. Specific

details ean-be-found-are given in the corresponding subsections and in the jsern-accompanying JSON files, which deeuments-document
each data-subset ir-within the repository. Fhe-text-Folder names (shown in boldindicates-) follow the rame-section numbering of the felder

manuscript, with these-data—sets-each numbered folder in the repesitory;—which-wilt-be-preceded-by-dataset containing the number-on-data
described in the fefirespective section.

Sect.

Data subset

Main observation variables (units)

Temporal coverage

3.1.1 Stationary CRNS data, 16 permanentstationary-CRNS

33

34

3.6

3.7

3.8

39
3.10

3.11

3.12

detectorsrecorded-detectors, hourly time series of epither-

mal neutron countsaleng—with—meteorological—variables,
meteorological variables, and CRNS-derived soil moisture

o 1 I cabili
£3 inef i al ‘onf
ERNS—data—muen—eount—rate—(ephCampaign-based
manual soil sampling for CRNS calibration, upper
30 cm of the soil (gravimetric samples and dielectric

measurements)

SWE-Soil moisture profilestime—series—, hourly time
series from dielectric_profile sensors at 20 locations
(dieteetric-measurements]0 to 100 cm)

Shallow SW-€time-series-soil moisture and temperature,

hourly time series from dielectric point sensors at 16 loca-
tions (viaFBF5 and 15 cm)

Multiple—campaigns—with-manual—soil—samplingof—the
upper—30-em—of—the—seoil (split-tubes;—ThetaProbes;
lab-analysis)-Muon data, hourly time series from one
scintillator-based CRNS detector

Neutron spectrum recorded as daily values by a group of
outdoor Bonner spheres

Hyperspectral reflectance time series en-ground-of soil
surface, terrestrial sensor

Hyperspectral airborne imagery at one date

Airborne Lidar imagery at one date

Landuse, especially crop cycles

Snow depth monitoring and seme-snow sampling (various

techniques), areal imagery mosaics from an UAS overflight

Groundwater level and lake level time series (hourly)

neutron-countrate-tephNeutron counts (-), air

pressure (hPa) and temperature (°C), relative

humidity (%), SWC (m® m—?)

outdoor—Bonner—spheres;—as—potential
density (

(g8 ). soil texture (mass %)
Permittivity (-), SWC (m*/m”® m %)

cm %), organic matter content

Permittivity (-), SWC (m*/m*)-Seit-’> m®)

» 80il temperature (°C)

Ieﬂﬂifﬁvﬁy, SWEAm+m=) B butk deﬂ&lf?

rate (cph)

Neutron energy histogram (cph)

Reflectance (-)

Reflectance (-)

Digital Surface and Terrain Model (m) -

sowing-andharvest-Sowing and harvest dates

Snow water equivalent (SWE) (mm), snow
1&epth (cm)and-, density (gfem cm”*); RGB
mosaic

GW level (m.a.s.].)and—. distance to surface

Dec 2623-Ju12023-Oct 2025

May 2023-Oct 2024

Dec 2023-F412023-Oct 2025

Dec 2023-F412023-Oct 2025

Oct 2022-May 2024
Sep 2024

Sep 2024
Apr 2021-Jul 2025

Feb 2025

Dec 2023-Jun 2025
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3.1 Seilmeisturefrom-stationary-Stationary CRNS data

3.1.1  CRNS sensor installation

From December 2023 to Aprit-October 2025, we collected epithermal neutron count data from 16 stationary Cosmic-Ray
Neutron Sensors (CRNS) with-overlappingfootprints-at the soil moisture observatory established in Potsdam —Theloeations
(PoSMO,). The positions of the CRNS sensors are depicted in Fig. 1 and 2. The placement of the sensors was infermed-by
selected based on several key considerations: (i) to ensure a substantial overlap of the footprints, (ii) to capture the site’s

variability along the hillslope gradient, (iii) to position some sensors near the groundwater wet—and-wells, (iv) to avoid

interfering with agricultural management activities, which necessitated not-te-direetly-placesensor-on-creppedto not directl
lace sensors on cultivated areas, and (v) to extend the spatial coverage for direct comparison with remote sensing products

while placing the sensors to largely homogeneous surroundings.
The detailed specifications of the sensor-eluster-sensors installed at the observatory are provided in Table 2, including the

manufacturer, sensor type, and detector sensitivity (for further details, see Heistermann et al. (2023)). A total of 16 sensors from
various manufacturers were included in the study: five devices from Hydroinnova LLC (Albuquerque, USA), four from Quaesta
Instruments LL.C (Tucson, USA), four from StyX Neutronica GmbH (Mannheim, Germany), one Canberra (now Mirion Tech-
nologies, USA), one from Finapp S.r.l. (San Pietro in Cariano, Italy), and one from Lab-C LLC (Sheridan, USA), which is
now associated with Quaesta Instruments. The sensitivity of each device was determined through parallel measurements with

a reference CRNS sensor (calibrator) over a test-period-period of at least 24 hours, allowing for a comparison of the neutron

count rates observed by different instruments. The detector sensitivities (Table 2) would allow to process the neutron counts

of all sensors with a universal calibration parameter to derive CRNS soil moisture (Heistermann et al., 2024). As detailed in
Table 22, the majority of the deteetors-devices employ gases with high neutron cross-sections to detect neutrons, including *He

gas (CRS-1000, CRS-2000) and 10BF; enriched gas (CRS-1000B, CRS-2000-B, B-E1-4). The "HydroSense Dual’ detector is
based on a multiwire proportional chamber with solid SLi (Fersch et al., 2020; Patrignani et al., 2021), while the StX-140-5-15
sensors utilize '°B-lined converters. Finally, the FINAPPS instrumental-detection-of neutronsrelies on a multi-layer zinc sulfide
and '"°Ag doped scintillator with SLi fluoride powder (Gianessi et al., 2024). All of the devices described above are epithermal
neutron-detectors-detectors for epithermal neutrons. Most sensorsrecord-also-CRNS devices also record temperature, relative

humidity, and barometric pressure using an-externat-sensorexternal sensors. These data were used to correct the raw neutron

count rates. For sensors without ews-an external sensor, data from the reference station at location #D+#11 were used for

corrections. Besides the neutron count time series we also provide processed CRNS soil water content.
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Table 2. Properties of CRNS sensors used in—at_the Petsdam—ehuster—PoSMO (including manufacturer, model, and detector

meehanismprinciple). Also provided is the ratio of the sensor’s raw counts of epithermal neutrons to the counts of a calibrator sensor

(consistent with Heistermann et al. (2023)), referred to as sensitivity. This is a device specific property, which is independent of the site. It

can be used to infer a local calibration parameter value (cf. Heistermann et al., 2024)). Some CRNS devices have been refurbished and are

technically different to the formerly used device, and thus the sensitivity value had to be updated and is different to the former one. CRNS

deviees-stations that have been continued at their former loeation-position with identical set-up are printed with bold ID. Finapp s.r.l. has

changed its CRNS model names; Finapp 3 (F3) refers now to Finapp SWC, Finapp 5 (F5) to Finapp SWC plus, and Finapp 6 (F6) to Finapp

SWC Premium. Some Lab-C CRNS devices are currently only previded-sold via Quaesta Instruments, and then the manufacturer listed is

Quaesta Instruments.

ID  Manufacturer CRNS type Detection mech. Sensitivity ~ remarkremarks
1 Hydroinnova CRS 2000-B 19BF; gas 1.191
2 Canberra self-assembled 3He gas 0.668*  refurbished; set-up-with-herizontal-tube-posttion-horizontal t
Lab-C HydroSense dual SLi foil 4.537
11  Quaesta Instr. dual BF3-C-4 10BF; gas 4.871
12 StyX Neutronica ~ StX-140-5-15 '9B-lined 1.127  refurbished
21 Hydroinnova CRS 2000-B 10BF; gas 1.149
22 Hydroinnova CRS 2000-B 10BF; gas 1.163
26  Quaesta Instr. B-E1-4 10BF; gas 2.487 single tube of a dual system
27  Quaesta Instr. B-E1-4 10BF; gas 2.468 single tube of a dual system
31  StyX Neutronica  StX-140-5-15 10B_Jined 2773
32 Finapp s.r.l. Finapp-SWC Plus SLi-doted scinti. 1.400  muon sensor included
33 Quaesta Instr. BF3-A-3, dual 10BF; gas 1.490
34 Hydroinnova CRS 1000 3He gas 0.448
35 Hydroinnova CRS 1000 3He gas 0.689
38  StyX Neutronica  StX-140-5-15 '9B-lined 2.425%
39  StyX Neutronica similar to SP2 0B lined 22362425  refurbished
11val  Finapps.r.l. Finapp-SWC Premium  ®Li-doted scinti. 0.873  not part of the ekisterPoSMO, as testing option

*type-generic sensitivity factor
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3.1.2 CRNS-based soil water content estimation

For the data en-8-September2624-processing of CRNS neutron count time series, the Python tools Corny (Schron, 2025) and
Neptoon (Power et al., 2025) were used. Both tools provide algorithms to filter raw counts for outliers, aggregate them to the

305 desired time interval, correct for atmospheric influences, smooth the time series, and 24-Nevember2024-—Spatial-interpolation

P-4 FA—Feca on—orid-takecinto-aceonn RNS harizantalcenctivitveombined b invercedictaneeweiohtine—Armonocthe

with independently derived soil moisture data (section 3.2), which is required to convert neutron counts to soil moisture.

The data processing involves several subjective choices. To ensure transparency and reproducibility, we provide the full
310 configuration files for Corny and Neptoon in the data repository. This will allow users to understand, reproduce, or adapt
the data processing details.

315 3.2 Additionalmuon-observation

=-The first step in the processing for
the CRNS soil moisture products provided in this data set is the filtering of neutron count time series for outliers, which
320 are identified using a standard deviation—based threshold. Count rates are influenced by atmospheric factors; therefore, we
applied the following corrections: the effects of barometric pressure were corrected following Zreda et al. (2012); effects of
incoming cosmic-ray neutron flux were corrected using the station Jungfraujoch JUNG (Switzerland), following either the
approach from Zreda et al. (2012) or Hawdon et al. (2014); effects of atmospheric vapour content were corrected using the
method described in Rosolem et al. (2013) or inherently accounted for, depending on the conversion function to soil moisture

325 (calibration function). CRNS time series were calibrated using the revised standard transfer function from Desilets et al. (2010)
and the universal transfer function (UTS) function according to Kohli et al. (2021). For calibration, neutron variability{Stevanate-et-al;202
330
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340

345

350

355

360

365

a—counts are related to independently determined reference soil
moisture, typically derived from in-situ soil sampling campaigns (see section 3.2). This procedure allows the determination of

of neutron-fluence-P{F -inneutrons-em—=—N, for the two approaches, respectively. While the standard transfer function is
most widely used, the newer UTS does specifically accounts for the influence of air humidity on neutron transport and provides

Rasche et al., 2024). Besides soil moisture, calibration

more accurate soil moisture estimates especially for dry soil conditions

requires information on soil bulk density and hydrogen stored within the subsoil of the sensor footprint. For this purpose, the
vertically-generalized profiles of soil moisture, bulk density, lattice water and organic matter were interpolated onto a 1-m-grid
and weighted following Schron et al. (2017). The weighting includes the estimation of the effective sensing depth (D86
called integration depth, and the horizontal footprint (R86), also called support area; for sampling details see section 3.2.
Resulting CRNS soil moisture time series are provided at hourly resolution. Because neutron count time series exhibit high
statistical noise, either corrected count rates (prior to conversion) or the resulting soil moisture products must be smoothed. A
moving average with a window length of 12-14 hours is commonly applied, although alternative smoothing approaches have
been proposed (Franz et al., 2020). CRNS-derived SWC time series are are presented and discussed in section 3.1.

also
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Since 18June 2025
3.2 Campaign-based soil measurements for CRNS calibration

To facilitate the calibration of the NEM

power suppty-as-wetl-as-elose-to-one ERNS-station-(#3H-CRNS sensors, extensive field campaigns were conducted at 283
new profile locations, complemented by data from two previous campaigns in 2019 and 2022 (Heistermann et al., 2023). This
dataset encompasses a total of 38 campaigns within the CRNS footprints, with both dielectric and soil core measurements
taken down to a depth of 35 cm. In total, dielectric profiles for obtaining SWC were measured at 447 locations, while soil
core measurements (100 cm® sampling cylinders) were carried out at 152 locations, thereby increasing the spatial density of
soil moisture observations. All sampling locations were accurately recorded using differential GPS (dGPS). In accordance
with the procedures outlined by Heistermann et al. (2022), key soil properties were derived from oven-dried samples (105°C
for 24 hours), shown-in Figure NN . . o

mdteafmgﬂl%e%heqefeeqmﬁeﬁfeﬁﬂwday&ef—fhe—mea%&eme% including dry soil bulk density, soil water content, and
organic matter as well as fot

fakeﬁpﬂeﬁe%pfeexpﬁa&e&eveﬂ%mkeeetﬁeée& attice water obtained from loss-on-ignition analysis (400°C for 16 hours
and 1000°C for 12 J

eeﬁe%mea%ufeéwmlﬁrﬂe}ghbe\ﬁmg%deteeteﬂhours respectively). Soil water content measurements taken manuall

with portable dielectric devices (ThetaProbe ML2x, Delta-T Devices LLC, Cambridge, UK) were individually corrected

using a two-point (air—water) calibration for each device. The conversion from permittivity to SWC followed the equation

of Zhao et al. (2016), with customized coefficients based on all PoOSMO campaigns following Heistermann et al. (2022). This
site-specific conversion, which yielded a root mean square error (RMSE) of +0.05 m3 m~3 for the SWC estimates, was applied
to all point-scale sensors — handheld and stationary.

To investigate the potential impact of tillage (by disc) on temporal variation of soil bulk density, a test in a plot cropped with

maize was done in 2024. Bulk density was sampled at 0, 5, 10 and 15 cm before and again shortly after harvest and tillage

with a time difference of about 2 months.
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3.3 Seilmeisture- Continuous soil water content profiles at point scale

We employed four different methods for measuring seil-meisture-SWC profiles, each involving different depths and sensors
(resulting in a total of 25 individual profiles, see Fig. 1, covering about two years of data;Fig—t). This approach enabled
us to capture detailed data on the vertical soil meistare-water content dynamics relevant to infiltration and drying processes,
which are vital for extracting-and-understanding-improving the understanding of CRNS-derived soil meistare-water content
measurements (c.f. Scheiffele et al., 2020). The impedance-based profile probes (2 PR2/4 and 13 PR2/6, Delta-T Devices
LLC, Cambridge, UK) collected data at 10, 20, 30, and 40 cm depths (with the PR2/6 extending to 60 and 100 cm). Five
additional profiles each comprising 4-5 individual impedance-based probes (ThetaProbe ML2x, Delta-T Devices LLC, Cam-
bridge, UK) extended the network by measuring at depths of up to 200 cm in areas where deeper monitoring was desirable
or where profile probes were impractical to install. Furthermore, five soil meisture-water content profiles were equipped with
five TDR probes each (TDR100, Campbell Scientific Ltd., §KLogan, USA) installed at depths of 9+-10, 25, 45, and
75 cm i i i i

ntsclose proximity to the ATB

ecific conversion of measured permittivity to soil moisture,

as described in Heistermann-et-al+(2023)-section 3.2.

3.4 Shallow soil meisture-water content from point-scale sensors

To enhance the monitoring of the upper soil layers at all CRNS stations s-additional-(e.g. for remote sensing applications),
additional dielectric SMT100 sensors (Truebner, Germany) were installed at depths of 5 and 15 cm%defefmfmﬂgﬂie
oscillationfrequeney-of-a-. These time-domain i

and-alse-measure-transmission-based sensors (Jackisch et al., 2020) provide observations of soil water content and soil temper-
tng—Shallower depths

ature.

than thatthe chosen 5 cm are prone to larger errors in respect to a-realistic-estimate-of-depth-below-a-deeper installation depths
considering the usually rough soil surface and the vertical averaging of soil moisture point-scale sensors such as the SMT100.
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3Measured permittivity was converted to SWC usin

440

3.5 Muon data

Neutron monitors, such as the the one at Jungfraujoch (JUNG), Switzerland, are conventionally used to correct locally measured
epithermal neutron counts for variations in incoming neutrons. Recent studies suggest that local measurements of muon
445 counts could improve this correction (Stevanato et al., 2022). Station #32 operated at PoSMO also includes muon detection
(Gianessi et al., 2024), allowing for respective analyses. These data span January 2023 to July 2025 (see also Table 2).

n-—O he RN Htatronc cerrec—ofe ancive fFald campatone ara On

450

455 (by-dise)—Bulk-density-wassampled-at-0;-
3.6 Bonner sphere measurements of full neutron energy spectrum

Another option to potentially provide an estimate of the local incoming neutron flux are Bonner sphere spectrometers (ERBSS)

as previously applied in combination with a temporary CRNS cluster (Fersch et al., 2020). Such measurements also yield
background information on the neutron signal, for example, quantifying the thermal neutron component in the environment
460  that must be eliminated prior to detection, as this contribution can impair the accurate counting of epithermal neutrons by
CRNS devices.
Based on an existing ERBBS system, known as NEMUS (Wiegel and Alevra, 2002), Physikalisch-Technische Bundesanstalt
(PTB) developed an Sl-traceable version specifically for automated neutron spectrometry measurements under outdoor conditions
(NEMUS-UMW), which was deployed at PoOSMO during summer and autumn 2025. The system consists of a bare thermal
465 neutron detector, 6 polyethylene spheres with diameters of 3. 4. 5, 6, 8 and 10 inches, and four modified spheres with lead and
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490

495

copper shells, recording contributions from low to high neutron energies. The central detection of (thermal) neutrons inside
the individual moderator sphere of each device was via spherical *He-filled proportional counters of type SP9 (Centronic Ltd.,
Croydon, UK), selected due to its low intrinsic background, which was systematically tested and quantified in a "neutron-free”
environment (underground laboratory UDO I1). Using unfolding procedures (Reginatto, 2010), the NEMUS response functions
were characterized and validated in the PTB’s neutron reference fields, and +5-em-beforeand-after-harvest and-titlage-events;

thus the resultin,
unfolded neutron spectrum could be determined in absolute terms, i.e. neutron fluence @(E) in neutrons cm 2.

3.7 Ground-based reference measurements of Hyperspeetral-Surface Refleetaneehyperspectral surface reflectance

round-based hyperspectral surface reflectance on 11 October 2022, a HYPSTAR®-XR unit was installed at the ATB HYPER-
NETS site at{close to CRNS station #11 (at 52°27/59.40” N, 12°57/35.16” E), mounted on a 5-meter mast with a 5-meter

horizontal boom-—Fhe-boom-, which was oriented southward toward a bare soil surface to avoid obstructions in the sensor’s

field of view. The system-aequires-Hyperspectral Pointable System for Terrestrial and Aquatic Radiometry (HYPSTAR®) is

a two-axis, autonomous hyperspectral radiometer designed to deliver multi-angular measurements of land and water surface
reflectance. The system acquired measurements every 30 minutes between 09:00 and 17:00 UTC across a range of zenith and

azimuth angles —ttineorporates-until May 2024. It incorporated two spectrometers: a VNIR unit covering 380—1000 nm with
1,330 channels at 3nm full width at half maximum (FWHM), and a SWIR unit covering 1000-1700 nm with 220 channels
at 10nm FWHM. An onboard camera provides-provided contextual imagery, while an internal LED source tracks-tracked
calibration stability (De Vis et al., 2024; Goyens et al., 2021). Data are-were transmitted to a central server and processed
using the hypernets_processor, a Python-based pipeline for radiometric calibration, quality control, and computation
of radiance, irradiance, and surface reflectance. The system rigorously propagates both random and systematic uncertain-
ties, along with spectro-temporal covariance, ensuring that the data meet Fiducial Reference Measurement (FRM) standards

European Space Agency, 2024). The dataset collected at-the-ATB—Marguardt—site-includes raw and processed surface re-

flectance data —Fhe-data—inctude-as a complete time series of angular hyperspectral surface reflectance for a bare soil target
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under varying illumination and atmospheric conditions. The-dataset-It supports applications such as validation of radiative
transfer models and soil spectral analysis. Future work will-shall explore the use of this dataset for estimating surface soil

moisture, using both empirical spectral indices and physically based retrieval approaches. The dataset provides also a valuable

reference for validating airborne and satellite-based remote sensing products, to improve the retrieval accuracy of soil and
vegetation parameters across scales. Additionally, it can support the development and calibration of radiative transfer and
machine learning models for soil moisture, surface condition, and land-surface process monitoring.

3.8 Airborne hyperspectral data

Hyperspectral data were not only observed aﬁwvgv%svgwgv@gggg time series for a reference area atthe AFB-Marquardt;
e(see section 3.7), but were accompanied by a
dedicated airborne campaign on 5 September 2024providing-hyperspeetral-and-a-, providing hyperspectral as well as Lidar
imagery. The former will be presented in this section, and the latter in the following section 3.9.

Adrberne-Hyperspeetral-Hlmage-Cube

Airborne hyperspectral data were acquired during an aerial survey campaign using two pushbroom imaging spectrometers
+the-mounted aboard a Cessna 208B Grand Caravan aircraft equipped with GNSS/IMU POS AV inertial navigation unit.
These two sensors were a CASI-1500 (covering the visible to near-infrared range, VNIR: 380-1050 nm) and the-a SASI-600
(covering the shortwave infrared range, SWIR: 950-2450 nm), both manufactured by Itres—The-sensors-were-mounted-aboard

Calgary, Canada. The native spatial resolution achieved was
25 cm for CASI-1500 and 63 cm for SASI-600. The CASI sensor provided 15 spectral bands at an average spectral resolution

of 38 nm, whereas SASI delivered 100 bands with a spectral resolution of 15 nm. The survey consisted of two parallel flight

lines, each 375 m swath widthte-ensure-completecoverage-of the-designated-testsite.
Pre-P ine Workflow-for-airl .

Initial data pre-processing was conducted by CZglobe (Czechglobe, the Czech Global Change Research Institute, Department
of flight activities). Radiometric calibration was performed using the RadCorr software package, following the procedures

outlined in Hanus et al. (2023), and employed laboratory-derived sensor calibration parameters. Additional corrections in-
cluded scattered light correction, frame shift smear correction, second-order light correction, and bad pixel interpolation to
ensure optimal signal integrity. Georeferencing was accomplished using a GNSS/IMU navigation system in combination with
a high-resolution digital terrain model (DTM), implemented within the GeoCor software suite. The hyperspectral imagery was
projected into the UTM coordinate system (Zone 33N, ETRS-89 datum). Subsequent atmospheric correction and reflectance
retrieval were carried out using ATCOR-4 (version 7.1) (Richter and Schlipfer, 2011);-developed-byReSe-Applications—in
colaberation-with-DER. The algorithm employs the MODTRAN radiative transfer model to correct for atmospheric effects
and retrieve surface-level reflectance. The resulting reflectance values are stored as integer-scaled values, where a reflectance

of 10.00 % is represented as 1000 (i.e., scaled by a factor of 100).
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Following atmospheric correction, the VNIR and SWIR datasets were spatially co-registered using the AROSICS software
(Scheffler et al., 2017). The registration process utilized spectrally overlapping bands at 1004.8 nm (VNIR) and 1002.5 nm
(SWIR) to ensure high alignment accuracy. The overall registration error could be reduced from an RMSE of 39 cm to 16 cm.
Redundant overlapping bands were removed, and the SWIR data were resampled to match the finer spatial resolution of the

CASI sensor (25 cm). The final dataset was generated by mosaicking the two flight lines and saved as Cloud Optimized

GeoTIFF (COGQG), resulting in a geometrically and radiometrically consistent hyperspectral cube for subsequent analysis.

3.9 Airborne Lidar data

Airborne Lidar (ALS) data was-were captured using a Riegl LMS Q-780 airborne full-waveform laser scanner mounted onboard
a-CESSNA-also onboard the Cessna 208B Gran
section 3.8). The site was captured in three strips, north-south orientation, flown in the morning of 05/69/5 September 2024.

The Riegl LMS Q-780 operates at a wavelength of 1064 nm with a laser pulse repetition rate of up to 400kHz and a beam
divergence of 0.25 mrad. FOV was 60°. Flight height was 620 m and scan line width was 710 m, 1190 m and 1660 m. The
captured strips have an average point density of 7.3 points per m?.

Strips were aligned using the RiPROCESS 1.9.2, RiUNITE, and GeoSysManager 2.2.4 software from RIEGL Laser Mea-
surement System GmbH. For the flight trajectory calculations, the POSPac 8.7 software was used, followed by trajectory

conversion in the Riegl-POFImport 1.8 software. F

trajectory-inPOFImpert-to--pofxformat—In-RiProeess-After import into the RiProcess software, the reference surfaces were

first searched automatically. This was followed by the calculation of deviations between the same reference surfaces on dif-

ferent lines: which then were minimized while adjusting the

A‘ EPM A SAASBAAL S S -
trajectory parameters for each individual flight line. The laser data was then re-georeferenced using the adjusted trajectories.

The error (standard deviation) of the scan data adjustment was 0.007 m (based on 120.000 tie points). Data was-were georef-

erenced to the BTM33N(Universal-Transverse Mereator—zone-UTM coordinate system (Zone 33N)-coordinatesystem—on

ETRS-89-(European-Terrestrial- Reference-System1989, ETRS-89 datum). The resulting laser data was-were exported as point
clouds in EAZ-formatlas-format (v1.4), including the so-called Riegl extra bytes, which associate to-each-peinteach point
with the information from the full-waveform analysis (amplitude and pulse width). The resulting-point-density-point density
resulting is 15.2 points per m? in the co-registered point cloud.

On-the-processed-data-Finally, noise was removed from the processed data using LAStools software, and a classification
(surface and terrain) of the point cloud was performed. A~

As a result, a DTM (digital terrain model), DSM (digital surface model) and nDSM (normalized digital surface model —
elevation map) are provided as individual Geotiff rasters with a spatial resolution of 0.25 m —The-provided-tidar-(an example
shown in Fig. 3). The provided Lidar dataset includes flight strip data (including amplitude, reflectance, pulse width) from the

Riegl LMS Q-780 as-*tas-as-in las-format as well as a mosaic of all co-registered *.1az lines and 1000 m x 1000 m tiles.
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Figure 3. Illustration of the Lidar data as a height-colorized point cloud, with focus on the central area of PoSMO (14 of 16 stations included)
retrieved on 5 September 2024; view from Southeast.

3.10 Land use, cropping and irrigation

The thermal-and-epithermalneutron counts recorded by the-CRINS-detectors-are-highly-sensitive-to-the-vegetation—Remeote
sensing-algorithms-as-well;-alse-CRNS are influenced by hydrogen contained in vegetation. Likewise, remote sensing algorithms

570 require information on biomass eeverage-for calibration. To faeilitate-support a comprehensive comparison between remote
sensing data—products and CRNS measurements ;—or—to—enable—in-depth-and enable a more detailed analysis, we provide

on crops grown (e.g., winter wheat, maize, alfalfa, sunflower) on the experimental plots at the fenced ATB site and the
associated sowing and harvest dates. These data, supplied by the ATB{eibniz-InstitatfirAgrartechnik-und Biobkenemie);

575

were-conducted-during the study period;some_, complement the airborne Lidar dataset and improve the characterization of
above-ground hydrogen pools for future CRNS analyses.

Several crops, including potatoes, maize, and spring wheat, received irrigation during the-summers—of-2023-and-2024-
Additionatty,-the-summer. The orchards (cherryand-apple/strawberries/wines-, apple, strawberries, wine grape) and blueberry

580 plantations were regularly-irrigated-during-the-also irrigated routinely during spring and summermeonths. All irrigation events
were-recorded-in-the-dataset-(plots, date, amount) are included in the dataset.
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3.11 Snow cover campaign winter 2025

Snow cover at the research site is infrequent, with substantial continuous snow cover during several days typically occurring
every 2-3 years. However, its occasional presence significantly influences the vertical soil water balance, and affects the in-

terpretation of CRNS signals. Additionally, the surface’s spectral characteristics are either completely masked or modified,

making comprehensive documentation of snow cover periods alse-essential for remote sensing applications. In-mid-Febraary-

For the presented time span, three periods with persistent snow cover occurred: 16-21 January 2024, 10-14 January 2025,
snow height. For the third period (mid-February 2025) with depths reaching a maximum of 6 cmeeeurred, a sampling campaign
was conducted. We recorded its-temporal-progression-the temporal progression of snow cover using a stationary wildlife camera
(SECACAM HomeVista, VenTrade GmbH, K6ln, Germany) capturing heurly-images. The spatial distribution and properties of

the respective snow cover were mapped using UAV-based RGB imagery with a Mavic Pro (Da-Jiang Innovations Science and
Technology Co., Ltd, China) from survey-flights-a survey flight at 100 m flight altitude. The imagery was stitched-mosaicked
using Photoscan software (Agisoft LLC, St. Petersburg, Russia) and geo-referenced to 20 cm orthophotos provided by the
Federal State of Brandenburg, producing an RGB image with a-3 cm ground resolution.

Additional manual snow sampling involved 240 measurements of snow depth with-using a ruler and 10 peintsfor-density
measurements-density measurements obtained either through cylinder cores or by collecting all snow from a specific area for
subsequent weighing in the field.

3.12 Groundwater and lake levels

Groundwater levels data complement soil moisture observations as they capture the subsurface response to recharge and storage
changes, linking surface and vadose zone dynamics with aquifer behavior. The depth to the groundwater table at the western
area of PoSMO increases from very shallow near the lake in the west towards approximately 10 m below ground in the east
of the field site —Groundwater-during-the-operation-of-the PoSMO-has-and water levels have been monitored in two wells
along the slope —Additionally-(see Fig. 2). Additionally, between September 2022 and January 2025 the lake level (epen-—water

of-the-Wab was-monitoredand-is-provided-herewas monitored. The upslope well is located in the vicinity of CRNS

senser-station #22 approximately at the middle of the hillslope (ground elevation 36.17 m a.s.l.), the downslope well close to
CRNS senseorstation #2 (31.14m a.s.1.) and the lake level is observed in a peripheral ditch in the vicinity of the same CRNS
sensor-(Hig—2)—station. The well pipes of 63 mm diameter have a length of 2m, 4 m and 6 m for the lake, well 02-and-welt
#2 and well #22, respectively. They are filtered-screened over a length of one meter at the lower end, and pressure sensors
(Hobo U20L, Onset, Bourne, USA) were installed to record pressure and temperature at a 30 min interval. In well #22, an
additional sensor recorded air pressure and temperature but had to be removed because of sensor failure in May 2024. To
correct for air pressure variations after this time, air pressure recorded at the CRNS sensors were utilized. Regular manual
measurements of the groundwater heads were used to validate the continuous measurements and exclude a drift in the pressure

sensor measurements. Starting in September 2023, groundwater was pumped regularly for sampling stable water isotopes (see
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section 3.13). The resulting-periods with artificial drop in water table resulting from this sampling were excluded from the data

set.
3.13 Stable water isotopes in soil and groundwater

Stable water isotopes (§2H and §'%0) are widely used as natural tracers of water transport processes in the critical zone and
across scales (Sprenger et al., 2019; Scandellari et al., 2024). Tracking the isotopic signature of precipitation through the soil
profile enables qualitative and quantitative assessment of the timing and spatial variability of infiltration and percolation, and,
together with soil moisture data, provides estimates of groundwater recharge (Canet-Marti et al., 2023; Wang et al., 2023;
Koeniger et al., 2016). To qualitatively assess vertical percolation rates and their spatial heterogeneity within the-PoSMO, we
conducted three field campaigns under contrasting hydrological conditions. In May 2023, during dry soil conditions, profiles at
locations #2 and #22 were sampled on 24 May, and at locations #21 and #11 on 26 May; groundwater was sampled subsequently
on 31 May. No rainfall occurred between these dates, ensuring consistent conditions across sampling sites. In January 2024,
following several days of snowfall and subsequent snowmelt, soil profiles at locations #2 and #22 were sampled on 25 January,
and at #21 and #11 on 26 January, with groundwater sampled on the same day. In each campaign, bulk soil samples were
collected along the hillslope at four pesitions<locations (#2, #11, #21, and #22, see Fig. 2), covering the full soil depth from 0
to 150 cm at 10 cm intervals. To capture deeper infiltration of the January 2024 snowmelt, soil and groundwater samples were
collected at all locations on 2 May 2024, and profiles at positions-locations #21, #22, and #11 were extended to 200 cm for
additional sampling.

Groundwater isotopes were analysed from piezometers at positions-locations #2 and #22, with additional samples collected
opportunistically between May 2024 and May 2025, generally about once per month.

During sampling, soil samples were sealed in Ziploc ®-bags (S. C. Johnson & Sons Inc., USA) to minimize evaporative losses
and groundwater samples were stored in 10 ml vials. All samples were refrigerated until transport to the isotope laboratory of
BOKU University in Vienna (Austria) for analysis of §2H and §'%0 -

(Stumpp et al., 2018). In the laboratory, soil water isotopes were determined using the direct-equilibration method (Wasse-
naar et al., 2008). The isotopic ratios of the vapour of the soil samples as well as the isotopic ratios of the groundwater samples
were determined using a Picarro L2130-i laser isotope analyser (Picarro Inc., Sunnyvale, €A;-USA). The isotopic ratios of
all samples are expressed in §%o units, which describe the relative difference in the ratio of heavy to light isotopes in a water
sample with respect to VSMOW (Vienna Standard Mean Ocean Water). To better interpret the isotopic signature profiles of
the water, the volumetric moisture content of the soil samples was also calculated. To do this, the gravimetric moisture of the

samples was multiplied by the-bulk-density-ef-the-soil-soil bulk density (p,)-—Ferpywe-took-, using average values by depth as
measured earlier for these locations (Heistermann et al., 2023).

3.14 Soil saturated hydraulic conductivity in the root zone

Saturated hydraulic conductivity (Ks,) governs water flow through soil and controls key processes tike-such as infiltration,

percolation and groundwater recharge-

24



and-land-asemakes-, affecting both surface and subsurface hydrology. In unsaturated flow situations, K, diffictltte-measure
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650 dataset-overcomes-thistimitation-byproviding-direet-is also important, as it can be used in the estimation of unsaturated

hydraulic conductivity curves (Durner, 1994; Hohenbrink et al., 2023). Due to spatial variability in soils, laboratory measurements

on small soil cores often fail to represent field-scale conditions, a limitation highlighted in recent studies (Weber et al., 2024

. Field measurements of K., by contrast, are considered to integrate over larger volumes, capturing effects of macropores
and heterogeneities, and thus more accurately reflect the hydraulic response of natural soils (Reynolds et al., 2000). Because
655 PoSMO targets larger-scale soil moisture and hydrological processes, we conducted field measurements of K, measturements

multiple-depths-and-land-uses-offering-a-more reliable basisfor-hydrologieal-analyses-—to assist in the assessment of water

K, was determined using a constant head permeameter (a so called amoozemeterAmoozemeter), which measures infiltration

rates within an auger hole. During measurement, a constant hydraulic head was maintained in the hole while monitoring the

660 infiltration rate until steady-state flow was achieved. K, was then calculated using the Glover equation (Amoozegar, 1989).
A total of 28 measurements were conducted across different land uses, including grassland, orchards (cherry, berry, and apple
trees), arable crops, and hazelnut hedges. Measurements were performed at depths of 12.5, 20 and 35 cm in eight soil profiles,

with four of these profiles additionally sampled at 50 cm depth, following the methodology described by Elrick and Reynolds
(1992). Data were collected between 6 January 2023 and 7 June 2024 under varying-different wetness conditions. At

665

3.15 Electrical Resistivity Tomography (ERT) Surveys

Two Electrical Resistivity Tomography (ERT) surveys were conducted to provide a first overview of the deeper subsurface
conditions at the eere-area-of-the-Potsdam-site—Results-western area of PoSMO. The results can provide information about
stratigraphic layering and inhomogeneities as well as the approximate groundwater table depth, helping to understand variations
670 in surface soil moisture patterns. We used a Syscal ISIS system with 48 electrodes (IRIS Instruments, Orléans, France) along
two perpendicular profiles: Profile 1 (A — A”) with 5m electrode spacing (235 m total length) and Profile 2 (B — B’) with 2.5 m
spacing (117.5 m total length; see Figure-Fig. 2) using a Wenner array. Electrode positions —including absolute elevations —
were recorded with a Differential Global Position System (BPGPSdGPS) antenna (Leica Zeno GG04, Leica Geosystems AG,
Heerbrugg, Switzerland) for topographic correction of the resistivity data. The raw data sets from 16 November 2022 were
675 imported and filtered in ProSys II (IRIS Instruments, Orléans, France). The apparent resistivity pseudo section was inverted in
two dimensions using the open source GUI ResIPy (Blanchy et al., 2020) on a fine triangular mesh with convergence reached

within two iterations. —

3.16 CRNS stations with long-term operation

Following-the-operation-of-the former,-mueh-A subset of PoOSMO had been operated as a smaller CRNS cluster at the ATB
680 site Marquardt (Heistermann-et-al52023);few-since 2019 (Heistermann et al., 2023). Some of its CRNS stations were not
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newly established PoSMO design. These are CRNS with-boldJtb-stations marked with bold IDs in Table 2, and the same
holds for the accompanying SWC profile measurements. Thus, they-provide-a—contintous-these stations provide time series
from 2049-to-2025,spanning-the-timeframe-of-the-old-eluster{1 September 2019 to 30-Nevember2022);-beingpart-of-the
685 PoSMO-(14 December2023-to-31July-2025)-as-well-as-the-yearbetween-elusters-October 2025, For convenience of data users
interested only in this longer term data set, they-are-provided-here-i \MW@[MM% separate data files. The first

three years of these time series are based on neutron

The-count rates and profile measurements as provided in Heistermann et al. (2023). These data together with the more recent

data, as a complete neutron count time seriesis-, were consistently processed, corrected and calibrated as-the-eurrent-data-set

690 deseribed-in-3-1-2-and-for-theseil-moisture-profile-according to subsection 3.1.2 for CRNS and as described in section 3.3 for
the SWC profiles.

4 External data

The subsections—refers—to-following subsections describe datasets pr0V1ded by third parties, either previously published or
available through other ehannelssources. These datasets arerelevan i
695 useful-to-readerssupport the interpretation of the data presented here and are therefore included for completeness and user

reference.

4.1 DWD/ATB weather station

A climate station equipped with a heated tipping-bucket rain gauge is situated in the north-eastern part of the study-areaATB
site, as depicted in Fig.2-The-stationrecorded- 2. The station records standard climate variables at an hourly resolution, includ-

700 ing air temperature, relative humidity, precipitation, soil temperature at multiple depths (5, 10, and 30 cm), and solar irradiation,

as well as wind speed and direction. The original data are publicly accessible via the-ATB-website{(ATB-Technology-Garden; 2025 1ast-acee

705 e-publicly-avatlable-through-DW eposttory{(DW https://www?2.atb-potsdam.de/Technologygarden/

bsa_wetter.aspx. While not part of the primary dataset, this dataset offers valuable complementary information that ma

assist readers in interpreting the presented observations. The ATB operates another climate station at their main site in

Potsdam-Bornim, located about 5 km south of PoSMO. and this data is also available online at https://www?2.atb-potsdam.
de/Technologygarden/atb_wetter.aspx. The nearest climate station operated by the German Weather Service (DWD) is located

710 at Telegrafenberg in Potsdam, approximately 12 km south-east (station ID 03987). The corresponding data are publicly avail-

able through DWD’s open data repository 5 DWD, 2025).
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4.2 Incoming Neutron Flux

The incoming cosmic-ray neutron flux is provided by the Neutron Monitor Database at http://www.nmdb.eu (last accessed
on 04Juty-14 October 2025). In accordance with previous studies by Hawdon et al. (2014); Baatz et al. (2015); Jakobi et al.
(2018); Baroni et al. (2018), the Jungfraujoch (JUNG) neutron monitor is recommended for correcting the incoming neutron
flux at the-Potsdam-sitePoSMO. Recent approaches in

more explicitly for the geomagnetic cut-off rigidity and shielding depth of the atmosphere at the measurement site in relation
to_different neutron monitors of the data base and promise to be more accurate atlocations—in-between—neutron—monitors

(McJannet and Desilets, 2023).
4.3 Other spatial data and maps

A digital elevation model (DEM) with a resolution of 1 m x 1 m is available for download from the Landesvermessung
und Geobasisinformation Brandenburg (LGB) website at https://geobroker.geobasis-bb.delast-aceessed-on-0+July2025),
with an accuracy of 30 cm. Additionally, a soil map from the state of Brandenburg, BUEK300 (LBGR, 2025), provides soil
types and texture data beyond the PoOSMO area at a scale of 1:300 000 and is publicly accessible through the Brandenburg
Geoportal at https://geoportal.brandenburg.dedast-aceessed-on-0+July2025). For fieldwork and visualization purposes(Fig-
1), we utilized OpenStreetMap data layers, which are available for download from the Geofabrik website at http://download.
geofabrik.deast-aceessed-on-01+Fualy2025). Specifically, we employed the land use, waterways, and traffic ways data layers;

h-provide-vatuable-information-for-spatial-analysis-and-visualization—Data-; data are available under ODbL license (http:
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5 Exemplary views of the data set
5.1 Examples of CRNS-derived root-zone soil moisture
6 Summary-use-easesfor-the-data

The data set presented and described here can contribute to understand soil moisture spatial patterns attandseape-seale-and

related soil moisture dynamics ;espeetally—in-thefirst-at the plot- to landscape-scale, especially within the top decimeters

of soil. But-the-design-of PeSMO-However, the merit of the PoOSMO data goes beyond that, as it-cleses-these data close
the spatial gap between point observations ;— or even soil moisture in-situ networks s— and larger scale observations and

modeHingmodeling. In particularsatellite-, remote sensing can use the data as reference for soil moisture related products,
while-being-different-to-the-usual-sites-because they provide especially high representativity compared to other mixed-land use
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reference sites used for calibration and validationeal-val). For this purpose, PoOSMO was established at the kmseale-(which-is
alse-a-2-scale (which corresponds to the typical resolution of current hydrological or also land-surface models). Thus, several
suitable grid cells of remote sensing products or distributed land surface models could be direetly-adequately compared, assim-

ilated or used for validation, as has been done with stand-alone CRNS already (e-g;Baatzet-al;2017; Fatimaetal;2024a)-
2017; Fatima et al.,

Baatz et al., 2024b). Figure 4 presents a comprehensive overview of the SWC time series data from

Sy

December 2023 to October 2025. The temporal dynamics of the 16 locations exhibit consistent patterns over time, but also
differences in SWC across the site are evident in respect to absolute values as well as dynamics. As a simple way of ordering,
the CRNS stations have been listed according to their position. from west to east. This heat map reveals five major dry spells
(oceurring in summer 2024 and summer 2025, with CRNS soil moisture below 15 % for all stations) and long wet conditions
during winter including one snow cover period in January 2024 and two snow cover periods in January to February 2025 (see

PoSMO-providesready-to-tse

Figure 5 illustrates the soil moisture dynamics of CRNS sensors and dielectric sensors as a response to rainfall, exemplarily
for July 2024 and July 2025. Inherent to the non-invasive measurement the effective integration depth (D86) of CRNS-sensors
varies to some degree with soil water content, for these two summer months between about 20 and 40 cm, and stays around
30 cm as mean across the CRNS cluster (panel (c)), while CRNS-derived SWC values ranged between about 5 and 25 % .
The D86-estimate presented here is derived from the independently measured point-scale SWC profiles (all sensing depths)
rather than from CRNS-derived SWC alone. The depth weighting procedure for point-scale data is described in detail by
Schron et al. (2017) and involves an iterative estimation of point-scale average SWC, effective sensing depth D86 and CRNS
apparent soil moisture (see their section 2.3). By explicitly accounting for the shape of the SWC profile (and all sensing.
depths), our approach addresses an an important control on CRNS-derived soil moisture estimates (Baroni et al., 2018), which

is not captured when relying solely on CRNS-derived soil moisture values (cf. Appendix A in Schron et al. (2017)). Due to

small-scale heterogeneity and uncertainty in quantitative estimates from the dielectric sensors, however, the daily estimate of
the integration depth based on a single soil water content profile might not be fully representative for the respective CRNS
footprint. During the full time frame and accross all PoSMO stations, the effective integration depth estimates varied between
15 and 46 cm (on average 25 cm). This illustrates the representativeness of CRNS for root-zone soil moisture (RZSM). While
the overall dynamics of the CRNS-derived SWC time series is most comparable to those of the 5 and 10 em soil layers
(Fig. 3), the CRNS measurements have a higher responsiveness to small rainfall inputs, as CRNS is also detecting water
content in the soil layers shallower than 5 cm, which cannot reliably be captured with point-scale sensors. Additionally, the
range of absolute values of both CRNS- and dielectric sensors for any given time suggests that there is considerable spatial
heterogeneity, which calls for spatially aggregating measurement methods such as CRNS. A fair an direct comparison between
CRNS-derived and pointscale SWC can be achieved either by vertically "unweighting” the CRNS data, to make it comparable
to adepth-averaged soil moisture profile (Scheiffele et al., 2020), or by applying depth scaling methods such as the exponential
filter (Franz et al., 2020; Rasche et al.. 2024), which can interpolate the different soil moisture data to the same nominal depths.
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Figure 5. Exemplary view of soil moisture dynamics in July 2024 and July 2025. (a) Precipitation amount in mmy/6h from DWD
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D86-integration depth of CRNS observation based on the independently measured point-scale soil water content profiles (d) ~ () soil water
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Figure 6. Root-zone soil moisture maps from CRNS-derived soil water content (SWC) attributed to the CRNS station locations in the western

area of PoOSMO (cf. section 3.1.1), shown for a day during a dry period in September 2024 (left) and for a relatively moist day after autumn

rewetting in November 2024 (right). Dashed circles illustrate the area circumference covered, based on a 150 m footprint radius for each

CRNS sensor. SWC was interpolated onto a 2 m grid (details see text). Map background information see Fig. 2.

The spatial distribution of CRNS soil moisture is shown exemplarily in Fig. 6 for 8 September 2024 and 24 November 2024

during relatively dry and moist conditions, respectively. Spatial interpolation on a 2 m grid shows an initial impression of the

soil moisture distribution for specific days. For this visualization only, inverse distance weighting was applied, treating each
CRNS station as a point measurement. However, due to the large horizontal footprint of CRNS, more robust interpolation
approaches should account for the sensors’ horizontal sensitivity, as demonstrated in Heistermann et al. (2021).

Soil moisture estimates derived from CRNS data are susceptible to several sources of uncertainty, including corrections
on neutron counts and the influence of hydrogen contained in vegetation. These effects are only implicitly included in the soil
moisture product provided here through the local calibration procedure (sections 3.1.2 and 3.2). Consequently, the soil moisture
product presented in this dataset should be regarded as an estimate that can be further refined as correction approaches advance.
For example, the most recent method for correcting the incoming neutron flux by McJannet and Desilets (2023) scales the
dynamics of the neutron monitor time series to the theoretical dynamics at the CRNS site using the geomagnetic cut-off rigidity
and shielding depth of the atmosphere. This approach has been shown to outperform earlier methods by Zreda et al. (2012)
and Hawdon et al. (2014 ; Hertle et al. (2025); MclJannet et al. (2025). Likewise, a
more explicit consideration of biomass and its temporal dynamics could reduce biases and improve the robustness of CRNS
soil water content estimates (Jakobi et al., 2022), and recent research suggests that combined measurements of epithermal

as demonstrated in Schron et al. (2024
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and thermal neutron detectors may even allow biomass estimation (Brogi et al., 2025). Nevertheless, the CRNS-derived soil

805 moisture provided here constitutes a valid and representative estimate of root-zone soil moisture, including the most dynamic
soil-plant-atmosphere interactions (root density typically highest within the upper 40 cm of the soil profile (Schenk and Jackson, 2002)
).and thus the zone of strongest temporal variability in soil moisture and water fluxes.

5.1 Examples subsurface properties

Soil bulk density information is important for calibrating dielectric soil moisture sensors and within the functions to transfer

810  neutrons to soil moisture (section 3.2). Extensive measurement efforts at the experimental site allowed to generate interpolated
maps of bulk density distribution for the top soil layer, as shown in Fig, 7 (panel a), revealing some local variations across the

A _small case study assessed the impact of agricultural practices on temporal variation of bulk density by sampling soil

before and after harvest at one of the larger agricultural fields. No significant effect was detected: bulk density did not differ

815 significantly before and after harvest or tillage (Tukey’s test, o = 0.05). Given the absence of detectable temporal changes, all

3

measurements were merged into a single dataset. Based on 152 soil cores, bulk density values ranged from 1.10 to 1.47 gcm™
with a mean of 1.30 gcm ™2 and a standard deviation of 0,12 g cm 3.

Figure 7 (panel b) shows the first results of the ERT survey at the field site (see section 3.15 and locations of cross sections

in Fig. 2). The zones of highest electrical conductivity shown in the inverted pseudsections approximately coincided with the
820 depth of the groundwater table, as indicated from the monitoring wells (section 3.12). Inferring deeper soil water storage from
conductivity patterns would require time-lapse ERT measurements and/or higher-resolution shallow surveys, combined with

independent calibration using profile soil moisture data.

5.2 Examples neutron spectrometer

Since 18 June 2025, the ERBSS system has been operated at PoSMO close to CRNS station #31 until 04 December 2025. We

825 obtained time series of neutron intensities for different energies, and are able to provide daily neutron spectra. Figure 8 shows
time series for the neutron count rates of the individual detector spheres, indicating also daily precipitation and highlighting
neutron spectra for four particular days. The first two were obtained on 8 and 9 July 2025, prior to a precipitation event
around 12 July 2025, and the other two on 14 and 15 July 2025, after about 30 mm of cumulated rain has been received.
The resulting neutron spectra provide detailed information about the energy distributions of neutrons detected on site. The

830  character of the neutron spectrum is the same before and after the precipitation event, but there occurred a decrease of neutron
fluence in the epithermal and fast range, while the high-energy parts of the neutron distribution, i.e. the incoming neutron
intensity, remained unchanged. This change in the neutron distribution induced by the precipitation event can be attributed to the
increase of soil water content in the first decimeters of soil (cf. Fig. 3, right graph). This reflects the mechanism underlying the
CRNS observation of root-zone soil moisture via the detection of epithermal neutron intensities. Furthermore, it demonstrates

835 the potential of an ERBSS system to characterize the incoming neutron component and a future development of a local,
observation-based incoming correction.
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Figure 7. (a) Average soil dry bulk densit cm”?) in the top 30 cm of the soil, across the western area of the Potsdam Soil Moisture

Observatory; the spatial distribution was obtained by Ordinary Kriging (exponential variogram with a range of 50 m). (b) ERT profiles of

electrical conductivity in two transects at the hillslope part of PoOSMO (A—A’ from west to east, B-B’ from north to south, see Fig. 2).

5.3 Examples remote sensing

PoSMO provides carefully compiled, high-resolution SWC time serieswhich-will-faeilitate-, including standardized metadata
and documentation. This dataset facilitates the cross-validation and uncertainty guantification—assessment of the increasing

number of high resolution (e.g. 1 km) SWC products eomingfrom-downsealing-derived from downscaled coarse-resolution
RS-mierewavesourees-and-reanalysis-dataer-RS-remote sensing microwave sources or reanalysis data, as well as from active

microwave sources (Fan et al., 2025).

As an example, Figure-Fig. 9, on the left, shows the Copernicus SWI product (seil-water-index)derived—trom—-S—1-Soil
Water Index), derived from Sentinel-1 constellation covering the Potsdam Observatory. The Copernicus surface soil moisture
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Figure 8. Neutron count rates of the ERBSS system for different sphere sizes (moderators) and thus neutron energy ranges (top panel), alon

with the precipitation records at the site (bottom panel). Inlet graph in the to

before and two days after the rain event on 12 and 13 July 2025, as recorded on site.

anel shows exemplarily unfolded neutron spectra on two days

(13.009E, 52.455N)

Figure 9. Left: Example of Copernicus Sentinel-1 relative Surface Soil Moisture (SSM), in % saturation for Northern Germany on 25 April

2024 (left). Zoom into the PoSMO area, with dots indicating an individual cluster location with CRNS, SMT100 and soil moisture profile

each (right); pixel size is 1 by 1 km; the black outline marks area of similar land use and soil type, as represented by PoOSMO (see Fig.

roduct represents an index of saturation that can be converted into volumetric water content by multiplying it by the soil

porosity. On the right, the figure zooms in on the elusterloeationswith-respeet-to-the-Copernieus—SWIH-PoSMO locations,
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highlighting the product’s 1 km pixels. The highersuppertlarger support volume of each CRNS and-the-dense-numberof CRNS
eomparison-betweenRS-area of similar land use and soil type, enhances comparisons between remote sensing products and
reference SWC measurements;-minimizing-the-spatial-representativeness-uneertainty-data, Although the clustered layout does

not provide uniform spatial coverage, the multi-sensor information helps reduce local sampling uncertainty and improves the
overall representativeness of the ground dataobservations for validation.

A A A 1 MDA Risht:

In conclusion, the Potsdam Soil Moisture Observatory (PoSMO) dataset provides a unigue, multi-scale and long-term record
of soil water dynamics under agricultural management. By combining CRNS-based soil moisture, profile and shallow in-situ
measurements, groundwater observations, hydraulic and physical soil properties, stable water isotopesand-groundwater data;
remote sensing and hyperspectral information, the dataset offers a comprehensive basis for hydrological process studies and for
the development, calibration, and validation of large-scale soil moisture products. The spatial density, temporal continuity, and
multidisciplinary character of this dataset make it a robust reference for hydrological research, such as studies of land—atmosphere
exchange or drought monitoring, and for transferring insights to comparable lowland agricultural regions.

7 Data availability

For data archiving, we utilized EUDAT (https://eudat.eu). The data resides on the B2share-server-)-B2Share server at https:
//doi.org/10.23728/b2share.bxamy-4zh85 (Grosse et al., 2025). Its structure corresponds to the subsections of section 3 of this

paper. Each data subset is accompanied by a metadata text file (JSON format), offering additional details on the data format,

units, column descriptors and remarks.
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