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Abstract. \We present curated time series of in situ soil moisture measurements from the Swiss Soil Moisture Experiment

(SwissSMEX) network, covering the period 2010-2025. At fen grassland stations on the Swiss Plateau, SwissSMEX provides
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wolumetric soil water content (VWC) data atynultiple depths in the soil profile, typically down to a maximum depth of 120 cm. |

Measurements are obtained from capacitance sensors, as well as from time domain reflectometry (TDR) sensors. The VWC

measurements are used to compute integrated soil water content (IWC) down to 50 cm depth as an indicator of root-zone
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water. We document recent measures that have been taken to secure the SwissSMEX network and to ensure the continuity of
its long-term JWC time series. The IWC and the underlying VWC time series are available at https://doi.org/10.3929/ethz-b-
000743711 (Hirschi et al., 2025a).

As a use case for the SwissSMEX network, the data are used to investigate drying trends on the Swiss Plateau, where notably

drier summers and more frequent droughts have been reported in recent decades. This application of the in situ data is based

on summer and summer-half-year anomalies of IWC, Furthermore, the SwissSMEX-based IWC anomalies and trends therein |

,,(Deleted: Comparing t

(Deleted :

[Deleted: European Space Agency Climate Change Initiative ESA
CCI

AN AN

Deleted: Notably drier summers and more frequent droughts were
reported in Switzerland in the last decades. Here,"
q

There is good agreement between the temporal evolution and the
drying tendency of SwissSMEX in situ soil moisture based on
different sets of Swiss Plateau stations, which vary in their te:

=

are compared with those derived from soil moisture of a widely used land reanalysis product (ERAS5-Land) and a2 merged

 (Deleted: Esa ccl

also reveals a good agreement between these threx

passive microwave remotessensing product (C3S SM PASSIVE). The in situ IWC time series from stations with best temporal |

coverage agree well with ERAS5-Land and C3S SM PASSIVE soil moisture from the corresponding grid cells, with correlations

7/ (Deleted: Based on these stations, t

2

(Deleted: 0.85

of 0.79,or higher for the median time series calculated across these stations. [The drying over the common period 20102025
amounts to -1.4,mm yr'' for, SwissSMEX, and to -1.l,mm yr'!, for ERA5-Land and {3S SM PASSIVE in summer. Although |

- (Deleted: 2023

(Deleted: period

the SwissSMEX network indicates that summer soil drying has increased in recent years, the 16 years of in situ data currently

(Deleted: 2.0

uuuuuuluu

(" leted: the absolute summer soil moisture anomalies of

and ERAS-Land (or -1.2 % yr for the percentage 3

available are pot yet sufficient to robustly estimate a significant trend. This highlights the importance of sustaining ongoing " .

measurements to ensure a seamless continuation of soil moisture monitoring in Switzerland.

N (r ——
(Deleted: 0.9
i ,(Deleted:

(Deleted: in many cases

(or 0.6 % yr')
(Deleted: Esa ccI

i (Deleted: The summer half-year trends are about half of thos("_ T4

(Deleted: 15

§S-00N



https://doi.org/10.3929/ethz-b-000743711
https://doi.org/10.3929/ethz-b-000743711

9

W

100

105

110

115

120

1 Introduction

Droughts in Switzerland have become a significant concern due to their impacts on agriculture, water resources management,

energy production, shipping and ecology. After a prolonged period without severe droughts, Switzerland has experienced
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increasingly frequent gvents in the last two decades, namely in the summers of 2003, 2015, 2018, and 2022, and in the
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MeteoSchweiz, 2018, 2012; BAFU, 2016). As a result, notable trends towards drier summer half-years were observed in
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Switzerland from 1981 to 2020 based on the climatic water balance calculated from meteorological station observations and
the soil water content from reanalyses (Scherrer et al., 2022; hereafter referred to as S22). This drying trend is primarily driven

by a non-significant decrease in precipitation and a significant,increase in evapotranspiration due to rising temperatures. S22

showed, however, that the considered reanalysis products (ERAS-Land and ERAS) differ considerably in their representation

of summershalf-year soil moisture and evapotranspiration in Switzerland. Both show a significant increase in

/

evapotranspiration from 1980 to 2020, but the trend is about twice as strong in ERA5-Land as in ERAS. The latter product /

already indicates a soil moisture limitation of evapotranspiration in dry years, whereas the former shows an evapotranspiration

surplus in these years. Consequently, dry anomalies and the drying trend in soil moisture are more pronounced in ERAS than /

in ERAS-Land, with the latter agreeing, better with a limited set of in situ stations,

Given these existing uncertainties in the reanalysis data, we present curated in situ time series from the Swiss Soil Moisture

Experiment (SwissSMEX) soil moisture network (Mittelbach and Seneviratne, 2012), Although in situ soil moisture
measurements have their own inherent problems and challenges (e.g. due to soil heterogeneity, limited representativeness of |

point measurements, and sensor calibration issues), they are still the only available ground information to contrast with land |

\
reanalysis or remotely sensed soil moisture, The SwissSMEX network was installed as a research network between 2008 and \\

2010. Since then, it has measured, volumetric water content (VWC) and soil temperature in profiles from 5 cm down fo a

maximum depth of typically 120 cm psing time domain reflectometry (TDR) and capacitance sensors (Mittelbach and

Seneviratne, 2012; Mittelbach, 2011). The number of depth levels yaries across the network, and redundant profiles of the

same sensor type are available at some stations. The VWC measurements are also used to calculate jntegrated soil water content

(IWC, in mm) down to 50 cm depth as an indicator of root-zone water, which is relevant for plant growth in agriculture and

natural vegetation, and is directly related to Jand watersbalance fluxes. While root depths yary greatly in space and depend on

plant species, the choice of 50 cm depth covers shallow-rooted plants such asJettuce, onions, potatoes, various vegetables and

most native grass species (Brouwer et al., 1989). In addition, this depth is covered by all stations of the network.

Jen SwissSMEX grassland sites on the Swiss Plateau are still operational (Fig. 1), but in recent years sensors have started to

reported for Central Europe and Switzerland, e.g. in the years 1911,
1947, 1949, 1962, and 1976 in the 20" century (Calanca, 2007;

Pfister and Rutishauser, 2000; Van Der Schrier et al., 2007).
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fail frequently, leading to temporal interruptions or the complete termination of jndividual measurement series (Michel et al.,

2022b). This prompted an intervention to preserve the measurement network for the coming years. These sensor failures are
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Figure 1 Locations of the SwissSMEX stations on the Swiss Plateau, as well as of the nearest ERAS-Land and C3S SM PASSIVE

rid cells (see Sect. 2.2). Please refer to Table 1 for station abbreviations.
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2 Data and methods
2.1 SwissSMEX
2.1.1 Status of the network and new installations

The standard instrumentation of SwissSMEX, initiated in 2008, consisted of low-cost capacitance soil moisture sensors
(Decagon 10HS) at all measurement depths of 5, 10, 30, 50, 80, and 120 cm, and of TDR soil moisture sensors (IMKO TRIME-
PICO) at 10 and 80 cm depth (Mittelbach, 2011). Both sensor types provide volumetric water content (VWC, in Vol.% or

m’ m~). In the follow-up project SwissSMEX-Veg, selected stations were additionally equipped with TDR sensors at 5, 30
and 50 cm depth in 2010._Ten SwissSMEX grassland sites on the Swiss Plateau are still operational (Fig. 1, Table 1). The

installed low-cost 10HS sensors are prone to higher measurement errors when only the factory calibration is used (e.g.,

Dominguez-Nifo et al., 2019; Mittelbach et al., 2012). Therefore, site-specific exponential calibration functions were derived

from the parallel 10HS and TDR measurements and applied to the raw 10HS readings. These site-specific calibrations allow
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The VWC is measured as 10-minute instantancous values, which are then further aggregated to hourly and daily values. As

part of the regular processing of the SwissSMEX measurementg, the individual sensor series undergo automatic range and . (l‘ leted
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. 2, but for the Decagon 10HS (HS) sensors. In addition to the note on station RHB, REC has a 10HS sensor at 150 cm

depth instead of 120 cm, which is shown as HS 120 for simplicity.

In Jight of this degrading data availability, and fo secure the network for the coming years, defective TDR sensors at 10 and
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30 cm soil depth were replaced with new IMKO TRIME-PICO64 TDR sensors at the SwissSMEX grassland stations during
summer 2022, or, where not already present, additional TDR sensors were installed at these depths in the existing profiles (Fig.

2; Michel et al., 2022a). This intervention at easily accessible depths, carried out without disturbing the ongoing operations,
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2.1.2 Vertically integrated soil water content calculation,
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with monthly temporal resolution from the Copernicus Climate Data Store (CDS; C3S, 2022). For the comparison with

SwissSMEX, the closest grid cells were used for each station location (see Table 1).
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The IWC in the 0-0.5 m soil layer, as available from SwissSMEX, has been calculated based on VWC of the soil layers 1-3;,
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Based on the soil moisture anomalies, we test different combinations of stations to investigate the median evolution (and trends

therein) of summer and summer-half-year soil moisture on the Swiss Plateau. “Best coverage” includes stations with at most

one summer/summer half-year missing within the 2010-2022 period (i.e. until the new TDR sensor installations); “S22”

includes the stations used in S22 (representative of an average elevation on the Swiss Plateau); “S22 + best coverage” combines

both sets: and we also consider the combination of “all stations” listed in Table 1.

The robust Theil-Sen trend estimator (Theil, 1950; Sen, 1968)_is used to compute trends, while the non-parametric Mann-<--- <F°rmatted: Normal )

Kendall trend test is used to determine trend significance (Mann, 1945; Kendall, 1975). These allow the detection of monotonic

changes over time and are robust to non-normally distributed data. Statistical significance is indicated by a p-value below 0.05.

The R-functions sens.slope and mk.test from the trend package (Pohlert, 2020; version 1.1.4) are used for the calculations.

Trends are computed based on the median time series of the respective station combinations.
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consistent temporal evolution. This is confirmed by the pairwise Pearson correlations between fhe mmedian time series. which
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values in the red dashed rectangle). Similar values of agreement are obtained when summer-half-year instead of summer soil

moisture is considered (Fig. S5). Thus, the median evolution of IWC on the Swiss Plateau, based on different combinations of

stations, is largely consistent.
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summer-half-year anomalies since 1991. This temporally extended perspective highlights that the recent evolution of
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