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Abstract. Open drainage ditch (i.e., open drain) damming aims to raise the water table in agricultural grassland
peat soils thereby reducing greenhouse gas (GHG) emissions. A current knowledge gap is how to examine
the spatial and temporal effectiveness of such an action, i.e., assessing the behaviour of the water table in the
adjoining field. To address this gap, at a drained agricultural grassland site with shallow fen peat soils (ranging
from O to 2m depth), water level in an open drain was raised by installing a dam. Associated changes to the
water table depth (WTD) were monitored using two nests of dip-wells installed at two locations (Rewetted and
Control areas) in the adjoining field. Soil profile volumetric water content (VWC) data were obtained in these two
areas in addition to the temperature, salinity, pH, and electrical conductivity signature of the water in the open
drain. These data were integrated with geophysical (electromagnetic induction (EMI)) survey data conducted
in June and December. Results from the dip wells (located > 20 m from dam) indicated that no measurable
change in WTD occurred due to the dam installation, aligning with previous studies suggesting limited spatial
influence in agricultural fen peat soils. VWC profiles, while consistent with peat physical properties, showed no
deviation attributable to drain damming. The EMI results identified a distinct zone with electrical conductivity
values similar to those of open drain water, suggesting localised water infiltration within ~ 20 m of the dammed
drain during summer. This spatial impact was less evident in December, likely due to increased precipitation and
regional groundwater influence. This study demonstrates that EMI surveys, shown here in combination with other
high-resolution data capture, can detect rewetting effects when combined with neural network clustering and
Multi-Cluster Average Standard Deviation analysis, highlighting its value for rapid site assessment. Moreover,
the results underscore the importance of survey timing, as June measurements provided clearer evidence of drain
damming impact than the December measurements.
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1 Introduction

Organic, or peat, soils are recognised as important terres-
trial stores of carbon (Page and Baird, 2016; Ramsar, 2018).
Globally, these soils are estimated to be present on ~ 3 % of
the land surface (Xu et al., 2018; UNEP, 2022) and contain
~30% of terrestrial carbon (Minasny et al., 2023). These
soils are present at many latitudes, from tropical to arctic,
and are often divided into landscape descriptors (e.g., fen,
wetland, raised bog, blanket bog (Fig. 1)), which are de-
pendent on the local environment and soil-forming condi-
tions (Lourenco et al., 2022). Peat soils form in anoxic wa-
terlogged conditions, where the decay of plant material is
slowed due to a lack of oxygen.

Peat soils have been extensively drained in Europe over the
last century mainly due to their importance in energy produc-
tion (Minasny et al., 2023) and conversion for use in agricul-
ture and forestry (Fluet-Chouinard et al., 2023; Habib and
Connolly, 2023). High levels of drainage (i.e., open drains
and in-field pipe drains) and maintenance are required to
effectively control the water table in peat soils over time
(Tuohy et al., 2023). Effective drainage introduces oxygen
to the soil and encourages the biological decay of plant ma-
terial, which results in a release of carbon dioxide to the
atmosphere (Koch et al., 2023; Lindsay, 2010). Globally,
drained peatlands are estimated to account for ~5 % of all
anthropogenic greenhouse gas (GHG) emission (FAO, 2020).
As such, international treaties, such as the Paris Agreement
(UNFCCC, 2018) and the European Union Nature Restora-
tion Law (EU, 2022), recognise the potential for peat soils as
nature-based solutions for reducing GHG emissions (Strack
et al., 2022).

Reintroducing water-saturated conditions is considered to
be fundamental to efforts in reducing the emission of GHG
from peat soils (Strack et al., 2022; Monteverde et al., 2022).
The term “rewetting”, which is defined as the deliberate
action of raising the water table closer to ground level in
peat soils (Wilson et al., 2016), is considered the main tool
through which this reduction can be achieved, and is often the
main component of national strategies to reduce emissions
from peat soils. In Ireland, the Climate Action Plan (DECC,
2024) seeks to reduce management intensity on 80000 ha
of agricultural grassland on drained organic soils by 2030.
Reduced management intensity is an umbrella term for ac-
tivities including abandoning drain maintenance, water table
manipulation and “rewetting” by raising the water table to
be, on average, within 30 cm of the ground level. Currently,
rewetting is mainly achieved via the blocking or damming of
open drains which often surround such fields.

Damming occurs by installing a man-made or earthen
structure in the open drain to partially impede water dis-
charge. The damming of open drains in blanket bogs, raised
bogs, and fen peat is not a straight-forward or uniform prac-
tice, and the efficacy of the damming on both the water table
and GHG emissions is not always as expected. For example,
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little is known about the spatial and temporal influence of
damming open drains on nearby peat soils. A study in Nor-
way (Stachowicz et al., 2025) analysed water table levels on
three raised bogs where damming had taken place and found
that the influence of these efforts extended 17.2m into the
surrounding peat soils on average. However, in Germany, a
study on grassland fen peat soil found that drain damming
had almost no influence on the water table levels (Heller et
al., 2025), concluding that the low hydraulic conductivity of
the peat resulted in minimal infiltration of dammed water into
the surrounding soils.

Agricultural grassland peat soils tend to be fen peat. Fens
are peat forming-systems that are different to bogs (i.e.,
raised or blanket) as they are fed by groundwater or moving
surface water and can occur as isolated pockets of peat soil
in river valleys, poorly drained basins, in hollows and beside
open stretches of water (Fossitt and Heritage, 2000). They
are often found around the edges, or what remains, of a raised
bog (Gilet et al., 2024; Minasny et al., 2023). These soils rep-
resent small pockets of organic material that are connected
with regional groundwater and the larger landscape (Fig. 1),
making them difficult to rewet effectively. As rewetting is
considered the means by which peat soil restoration may be
achieved, an understanding of the spatial influence of the
rewetting method being applied is of vital importance. This is
particularly relevant to the agricultural industry, where only
partial drain damming may serve as a compromise due to the
need to balance agricultural productivity with restoration ef-
forts (Tuohy et al., 2023).

Agrogeophysics (Garré et al., 2021) is an emerging dis-
cipline focused on the use of geophysics within precision
agriculture (Monteiro et al., 2021). Electromagnetic Induc-
tion (EMI), which measures the electrical conductivity of
the subsurface, is a proven method for soil characterisation
(Doolittle and Brevik, 2014). Modern EMI instruments offer
the means to analyse both the vertical and spatial distribu-
tion of soil properties (Everett and Chave, 2019), with field
scale (~ 1-10 ha) applications in mapping soil texture (Brogi
etal., 2019; O’Leary et al., 2024), soil compaction (Romero-
Ruiz et al., 2024), soil salinity (Koganti et al., 2018), and
soil moisture (Huth and Poulton, 2007). EMI surveys have
also been utilised in peat soils studies, identifying peat depth
(Adetsu et al., 2024), peat layer properties (Altdorff et al.,
2016) and the role of pore water content on electrical con-
ductivity in peat soils (Henrion et al., 2024). The possibility
of analysing EMI survey results in the temporal domain via
multiple repeat surveys has allowed for the assessment of,
for example, hydrological dynamics in agricultural settings
(Blanchy et al., 2020; Moghadas et al., 2017), especially in
areas where there is little change from other external sources
(land management, soil textural changes) (Boaga, 2017), but
has not been explored in the context of agricultural grass-
land peat soils and rewetting. Additionally, the combination
of EMI data with machine learning unsupervised classifica-
tion has allowed for a simplified interpretation of the results
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Figure 1. Conceptual diagram of generalised peat soil types. (A) Blanket bog, typically found in highland/mountainous areas. (B) Fen peats
underly raised bogs. Fen peat becomes exposed when raised bog is extracted/removed and are typically in contact with landscape water table

dynamics (Minasny et al., 2023).

of EMI surveys, which allow non-expert users to take advan-
tage of this survey method (O’Leary et al., 2024; von Hebel
et al., 2018).

The aim of this study is to assess the spatial and temporal
impact of drain damming on an agricultural grassland on a
fen peat soil at field-scale in Ireland using two EMI surveys
conducted during different hydrological conditions (June and
December). The electrical properties of the water in an open
drain on site was measured and compared to EMI survey re-
sults, with a view to identifying areas of the site where water
had infiltrated from the dammed open drain. The geophysical
methods presented in this study could similarly be applied to
less instrumented agricultural fields or undergoing different
rewetting methods (e.g., subsurface irrigation (Heller et al.,
2025)). This may provide a tool, and reduce the overall cost,
for both the mapping and monitoring of the rewetting process
at field-scale (~ ha). This is vital for both land managers and
policy makers in assessing the impact of rewetting, and for
reporting of GHG emissions and quantifying restoration ef-
forts.

2 Methods

2.1 Site Description and in-situ measurements

The study site, identified as peat soil (O’Leary et al., 2025),
is a grassland fen peat agricultural field (Fig. 2). It is located
close to the town of Birr (53.09°N, 7.9°W) in County Of-
faly, Ireland. The exact site location is not given to protect
the privacy of the landowner. Vegetation within the field is
classified as “cultivated land” within the national landcover
map (Tailte Eireann, 2023), however is a grassland, used for
the intermittent grazing by cattle during the growing season.
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This site is part of a multi-site project (Teagasc, 2023) and
was selected for this study as it is topographically flat and
peat depth is typically uniform throughout, except for an area
to the south of the site, where the peat is thinner. These fac-
tors limit the potential variation in measured geophysical sig-
nal to the hydrological conditions of the peat soil layer.

The field is approximately 1.2ha in size and flanked to
the east and north by deep open drains (~ 2 m deep and be-
low the average Water Table Depth (WTD)). Several field
drains were installed in the northern half of the site ca. 2020,
which were unrelated to the commencement of this project.
These consisted of trenches filled with stone aggregate and
are visible on the surface. Prior to geophysical fieldwork
undertaken in this study, this field has been instrumented
with ten 2m deep fully-screened dip-wells (Baird and Low,
2022) with Seametrics LevelSCOUT water table loggers
(VanWalt, 2025a), and two 1.2 m deep gropoint probes (Van-
Walt, 2025b), measuring the percentage of water volume, or
volumetric water content (VWC) in 0.15 m depth intervals,
starting at the surface (Fig. 2A). A tipping bucket rain gauge
is also located in this field to provide local rainfall. All data
are recorded at 15 min intervals and stored in a database.

The peat depth at this site (Fig. 2B) was measured in a
two-stage process via refusal of a peat probe (stopped by
hard substrate) (VanWalt, 2023a) and validated by Russian
auger (VanWalt, 2023b). Twenty-one locations were probed
for peat depth and validated by three locations sampled by
Russian auger. A peat thickness map has been interpolated
to a 1 x 1 m grid using bSpline function in QGIS v 3.30
(Fig. 2B).

A dam and water flume were installed at this site on 29
March 2023 (Fig. 2), damming the water in the open drain to
the south. This acts to divide the field into two experimental
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Figure 2. Site description. (A) The site divided into C (Control) and W (Rewet) by the location of the dam and flume in the open drain.
Dip-well nests are shown in each area, and VWC % probes are installed close to C5 and W5, (B) Locations of peat depth probe and
Russian auger validation measurements and interpolated peat thickness map, (C) EMI survey points (26 June 2024), (D) EMI survey points
(10 December 2024). Basemap: © Google Maps 2019.

areas, Rewet (W) and Control (C), with a nest of dip-wells
and a soil moisture probe in each area. The choice of loca-
tion of the C dip wells (Fig. 2) was designed to act as a study
“control” where no rise in WTD was expected due to rewet-
ting. The W dip wells were specifically located upstream of
the dam in an area of the site assumed to be affected by open
drain damming.

Daily averaged WTD, VWC, and rainfall data were ex-
tracted, providing a snapshot of the in-situ measured hydro-
logical conditions that coincides with the date of acquisition
of geophysical data (see Sect. 2.2). The daily average WTD
and VWC was calculated. Additionally, a Multi-Parameter
probe (YSI, 2025) was used to measure temperature, salin-
ity, pH, and electrical conductivity of the water in the open
drain during the geophysical surveys. These measurements
were taken from south of the dam (SD), between the dam
and flume (ND), and north of the flume (NF) (Fig. 2).

2.2 Electromagnetic induction (EMI)

EMI is a geophysical method used to estimate subsurface ap-
parent electrical conductivity (ECa) by inducing electromag-
netic fields in the ground (Everett and Chave, 2019). ECa
refers to a measurement of apparent electrical conductivity
which, although sensitive to a particular depth, is affected
by the soil through which the electromagnetic field passes.
A transmitter coil (Tx) generates a primary magnetic field
via an alternating current. This primary field induces elec-
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trical currents in conductive materials (i.e., soil) beneath the
surface. These currents, in turn, produce a secondary mag-
netic field, which is detected by a receiver coil (Rx). The
strength and phase shift of the secondary field, as measured
at Rx, provides information on the electrical conductivity of
the subsurface materials. The depth of investigation is con-
trolled by the frequency of induced electromagnetic field, the
orientation of Tx and Rx (vertical, horizontal, coplanar), the
spacing between the transmitter coil (Tx) and the receiver
coil (Rx), and the electrical conductivity of the subsurface.
Often EMI surveys are used for soil mapping and monitor-
ing as they are lightweight, non-contact instruments which
can easily be moved around a site, allowing for dense spa-
tial data to be gathered (Boaga, 2017). Additionally, in re-
cent years, the development of multi-coil/multi-frequency in-
struments has allowed for multiple depths to be investigated
simultaneously during an EMI survey (Brogi et al., 2019).
However, the need for high spatial and vertical resolution
should align with the expected degree of variation of the in-
tended target property in the subsurface. For this study using
a multi-coil instrument to assess the expected vertical varia-
tion in electrical conductivity, the spatial resolution was cho-
sen as a balance between the assumed area of impact of the
drain damming of only several metres (Heller et al., 2025)
and the required time and effort to acquire the data. Other
EMI surveys have achieved a very high spatial resolution
with ~ 2 m line spacing (O’Leary et al., 2024; Adetsu et al.,
2024) using quad bikes and sleds, however such resolution
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cannot be achieved without considerable manual effort in the
absence of motorised vehicles.

A CMD Mini-Explorer (GF Instruments, 2023) was used
to estimate the spatial and vertical distribution of ECa across
this site. This instrument has a fixed frequency Tx coil and
six Rx coils, spaced at 0.2, 0.33, 0.5, 0.72, 1.03 & 1.5m, and
was operated in “Hi” mode, or horizontal coplanar coil ori-
entation, giving an estimated depth of investigation of 1.5x
the coil spacing (McNeill, 1980). The CMD Mini-Explorer
is factory calibrated and was mounted on a wooden sled and
set to sample rate of 10 Hz. This sled was manually pulled
by the operator and the 0.2 m coil data were removed due to
noise. A Trimble R2 unit was also mounted on the sled, pro-
viding GNSS readings at 1 Hz sampling interval. The EMI
surveys were conducted on 26 June and 10 December 2024.
Both surveys consisted of distinct lines, two parallel and sev-
eral perpendicular to the open drain (Fig. 2C, D).

Data processing, clustering, and Inversion

At the beginning of each survey day, the CMD was warmed
up over a period of 30 min to ensure temperature stabilisation
of the electronic components. The instrument was then set to
record with and without the presence of the sled to provide
a correction factor. No in-field calibrations were performed.
Each survey line was acquired and processed as a separate
data file. Processing of each data file included correction for
the presence of the sled, resampling to 1 Hz, averaging of du-
plicate readings, application of a histogram filter (von Hebel
et al., 2014) and a principle component analysis filter (Mins-
ley et al., 2012), filtered based on the first principle compo-
nent. The individual data files were then appended together
into a single survey file.

In order to identify the spatial and vertical distribution of
ECa across this site, clustering (Kaufman, 2005) was applied.
Clustering is an unsupervised machine learning method to or-
ganise complex multi-dimension data into groups with sim-
ilar characteristics and returns a single representative data-
point for each cluster (Wang et al., 2021). For this study,
Self-Organising Maps (Kohonen, 2013), a neural network
based clustering algorithm, and the Multi-Cluster Average
Standard Deviation (MCASD) metric (O’Leary et al., 2023,
2024), developed for use on geospatial data, was used to de-
termine the appropriate number of clusters for each EMI sur-
vey. MCASD tests the stability of the cluster centres over
multiple clustering attempts. In order to derive the MCASD
statistics, 1-20 clusters were assessed 100 times each. Pro-
cessing and clustering of ECa data were performed in MAT-
LAB 2024a.

Clustering returns a single representative ECa data point
for each group. These ECa data can be converted to a 1D
true vertical distribution of electrical conductivity (ECt) via
a mathematical processing called inversion (Binley et al.,
2015). This is a process which seeks to create a model of sub-
surface ECt that best describes the acquired ECa data. This
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Table 1. Recorded rainfall in two weeks prior to each EMI survey
date.

June Survey = December Survey

Days before Rainfall Rainfall
Survey (mm) (mm)
14 - -
13 9.4 -
12 32 1.8
11 34 2.8
10 - 0.4
9 - 3.0
8 _ _
7 _ _
6 - 1.6
5 - 8.0
4 - 2.6
3 6.6 6.8
2 — _
1 _ _
Survey (Cumulative) 22.6 27.0

is an iterative process where initially, an estimated 1D model
of the subsurface ECt is provided. The Maxwell Equations
(Everett and Chave, 2019) are then applied to this model to
return the modelled ECa (forward modelling). These mod-
elled ECa are compared to acquired ECa from the EMI sur-
vey by optimising the objective function (Sasaki, 2001). The
ECt model is updated and the forward modelling performed
again. This is repeated until the error between modelled and
acquired ECa is minimised and an ECt model is produced.

In this study, the cluster centre ECa data are inverted using
EM4SOIL (EMTOMO, 2013) to provide a representation of
the vertical and spatial distribution of true electrical conduc-
tivity (ECt) within the study area. Each cluster centre was
inverted using a 1D clustering algorithm, a damping factor
of 0.10, the S2 inversion algorithm, and the full solution (FS)
Maxwell equations for forward modelling.

3 Results

3.1 In-situ measurements
3.1.1 Rainfall data

Generally, the meteorological condition in Ireland reported
that the spring and summer were cool and dry (Met Eireann,
2024) and that autumn and winter were mild with below av-
erage rainfall (Met Eireann, 2025). Meteorological data from
14 d prior to each EMI survey (Table 1) show that the cu-
mulative rainfall at both survey dates was not significantly
different (~ 5 mm), however the December survey had in-
creased number of rainfall occurrences closer in time to the
EMI survey, compared to June.

SOIL, 12, 151-164, 2026
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3.1.2 WTD in Rewet(W) and Control (C) areas

The standard deviation of the 15 min interval recorded WTD
for all dip-wells on 26 June 2024 (June) was between 0.1
and 0.6 cm and between 0.1 and 0.7 cm on 10 December 24
(December) confirming a temporally stable water table dur-
ing acquisition, indicating that the daily mean WTD from
each dip-well is appropriate for comparison with EMI sur-
vey results. Surface elevation data (Table 2) are taken from
the point where the dip-well is at the surface and shows a
standard deviation of ~ 20 cm across this site, however it is
noted that the control area has significantly less topographi-
cal variation than the rewetted area. This indicates the field
is relatively flat and therefore topography is not considered
in further analysis. Daily mean WTD data from each well
during June and December dates (Table 2) indicate a spa-
tially consistent WTD across this field (standard deviation
~ 3 cm). The exception to this is W1, which shows a deeper
WTD. This well is fully screened from the peat through to
the underlying mineral subsoil, likely capturing a compos-
ite water level dominated by the substrate, rather than the
peat layer and is therefore is removed from analysis. There
is a difference in the WTD of 0.3 m in the peat layer (with-
out W1) between the two dates with the water level 0.67 m
below the surface during June survey and 0.37 m below the
surface on the December survey. Finally, the Rewet (W) and
Control (C) experimental areas of this site have very similar
WTD (with W1 removed) during both June and December
surveys, indicating that open drain damming is not affecting
the WTD in the area where the W wells are placed.

3.1.3 Volumetric Water Content %

The standard deviation of 15 min recorded VWC measure-
ments for both probes during the June survey was < 1 % and
< 2.5 % on the December survey, confirming temporally sta-
ble soil moisture conditions during EMI acquisition and indi-
cating that the daily mean VWC with depth from each probe
is appropriate for comparison with EMI survey results. Full
saturation of the peat soils is achieved and measured as an av-
erage VWC of 99.9 %, indicative of high porosity, low bulk
density peat soils being fully saturated with water (Galvin,
1976).

The daily mean of the VWC data are plotted at 15 cm in-
crements for each probe (Fig. 3), coinciding with EMI ac-
quisition dates. These results are also plotted alongside the
WTD for the peat soil layer for comparison. VWC from both
June and December dates follow a similar trend, with both
W and C sides reaching full saturation within 0.30-0.45 m
depth on the June survey date. VWC in the C area shows a
slight deeper full saturation (0.45-0.60 m) depth on the De-
cember survey date. Generally, the VWC has increased by
~ 10 % on the December survey compared to June survey in
both areas. The C area in the December survey shows a large
decrease in VWC between 0.15 and 0.30 m (Fig. 3B). During
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Figure 3. (A) 26 June 2024 averaged volumetric water (VWC)
content % vs. depth for the Rewet (W) and Control (C) zones.
(B) 10 December 2024 averaged VWC % vs. depth for the W and
C zones. Both (A) and (B) are shown with their respective site aver-
aged and standard deviation of WTD. Note that full saturation refers
to a reading of 99.9 % VWC indicative of a fully saturated peat soil.

the June survey, the site-averaged WTD is approx. 0.2 m be-
low the depth of full saturation (0.30-0.45 m), whereas dur-
ing the December survey, the WTD is similar to the depth of
full saturation.

3.2 Open drain water measurements

Multi-Parameter probe (YSI, 2025) measurement indicates
that the electrical properties of the water in the open drain
were stable during both EMI survey days (Table 3). The
main difference in measurements in the open drain between
EMI survey days are temperature and electrical conductivity
(mSm~1). These readings show that the water temperature
in the open drain during the December survey was ~ 7 °C
colder than the June survey. Similarly, electrical conductivity
of the open drain water in December is ~20mS m™~! lower
than during the June survey, most likely attributed to the tem-
perature difference between the dates (Corwin and Lesch,
2005) along with any changes in the composition of the open
drain water due to run-off upstream. This value was not cor-
rected to a standard temperature in order to compare to the
respective EMI survey. The other measured properties (salin-
ity and pH) are similar for both June and December surveys.

3.3 Electromagnetic induction
3.3.1 ECa

The processing flow (Sect. “Data processing, clustering, and
Inversion™) was applied to five data layers for both EMI sur-
veys and resulted in 1266 (June) and 1283 (December) dis-
tinct ECa measurements across the site (Fig. 4).

The EMI survey data show a general lowering of ECa
from June to December surveys (similar to Multi-Parameter
probe results). Spatial and vertical distribution patterns of
ECa measurements are similar in both June and December
surveys. An area of low ECa is present to the south of the
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Table 2. Average surface elevation, perpendicular distance from open drain, daily and site average water table depth coincident with geo-
physical acquisition dates. Note W1 data is removed from analysis as it penetrates below the peat layer.

June Survey December Survey

Surface Elev. (m) Distance from Daily Mean WT Daily Mean WT Difference (m)
Open Drain Depth (m) Depth (m)
(m)

D1 84.54 14 0.70 0.53 —-0.18
D2 84.55 50 0.71 0.30 —-0.42
D3 84.62 44 0.66 0.41 —-0.25
D4 84.54 13 0.67 0.33 —0.34
D5 84.60 28 0.63 0.34 —-0.29
D wells Mean 84.57 n/a 0.67 0.38 —-0.29
D well Standard 0.03 n/a 0.03 0.08 0.08

Deviation
Wi 85.26 16 1.19 1.04 —0.16
W2 84.84 47 0.62 0.41 —-0.21
w3 84.91 48 0.67 0.34 —-0.34
W4 84.69 17 0.66 0.31 —0.35
W5 84.77 31 0.66 0.37 —-0.29
W well Mean 84.89 n/a 0.76 0.49 —0.27
(84.80 without W1) (0.65 without W1) (0.36 without W1)  (—0.30 without W1)
W well Standard 0.20 n/a 0.22 0.27 0.07
Deviation (0.08 without W1) (0.02 without W1) (0.04 without W1) (0.05 without W1)
Site Average 84.73 n/a 0.72 0.44 —0.28
(84.67 without W1) (0.67 without W1) (0.37 without W1)  (—0.29 without W1)
Site Standard 0.21 n/a 0.16 0.21 0.08
Deviation (0.13 without W1) (0.03 without W1) (0.07 without W1) (0.07 without W1)

n/a — not applicable. Difference (m) relates to difference between June and December surveys.

site, which corresponds to reduced thickness of the peat soil
layer (Fig. 2B). Both surveys also show the presence of rel-
atively high ECa measurements in proximity to the installed
dam and flume to the east of the site, although the contrast in
ECa values is greater in the June compared to the December
survey.

3.3.2 Clustering and Inversion

MCASD metrics indicated that five clusters were appropriate
for both June and December EMI survey data (Fig. 5A, B).
In both cases, a lower number of clusters (one to four) had
lower MCASD stability metrics, indicating a good clustering
solution. The 5-cluster result, and higher cluster number, re-
sulted in large instability of the cluster centres indicating a
poor clustering solution.

The spatial distribution of the 5-cluster results for both sur-
vey days (Fig. 5C, D) is coloured to match the corresponding
inverted cluster centre (Fig. 5E, F) and indicate areas of sim-
ilar ECt. The spatial distribution of the clustered data is very
similar on both survey dates, with cluster numbers from the
June comparable to cluster numbers from the December sur-
vey. Cluster 5 (both June and December surveys) has good
agreement with the area of thinner peat (Fig. 2B). Cluster 1

https://doi.org/10.5194/s0il-12-151-2026

is located in the area of higher ECa noted in both June and
December surveys close to the dam and flume (Fig. 4), which
is considered the area affected by rewetting measures. Clus-
ter 2 is located at the eastern and western edges of the site,
with clusters 3 and 4 distributed through the middle of the
site.

All cluster centre data were successfully inverted (Fig. SE,
F), with an average Root Mean Squared Error (RMSE) be-
tween acquired and forward modelled ECa of 0.15mS m™!
(June survey) and 0.28 mS m~! (December survey). Figure 5
illustrates the inverted cluster centre data alongside the site
averaged peat soil WTD (from Table 2), depth of full satu-
ration (from Fig. 3), and electrical conductivity of the open
drain (from Table 3) for each survey date. Generally, the in-
verted clusters have a similar ECt in the top ~ 0.40 m of the
surface, during the respective survey dates. This corresponds
to the depth where the soil is not fully saturated based on
VWC results (Fig. 3). Below this depth, in the June survey,
the WTD is relatively deep and there is large variation be-
tween the ECt across the clusters. In the December survey,
with a relatively shallow WTD, this variation is reduced, re-
sulting in more uniform vertical distribution of ECt across
the clusters. Cluster 5 represents an area of thin peat and so
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Table 3. Multi-Parameter probe results. Electrical Conductivity is measured in milli-Siemens per metre (mS m~!) SD=south of dam,
NF = north of flume, SF = south of flume.

Date Time (local) Location Code Temp (°C) ECt (mS m~1) Salinity (ppt) pH
25 June 2024 10:45 SD 13.1 62.9 04 173
11:30 SD 13.0 63.8 04 73

13:05 SD 13.0 63.3 04 173

14:00 SD 13.1 63.2 04 173

14:57 SD 13.1 63.0 04 72

26 June 2024 14:02 SD 135 61.8 04 75
10:07 NF 14.2 73.0 04 74

11:17 NF 14.1 759 05 74

12:25 NF 14.1 79.5 05 74

13:51 NF 14.2 81.3 05 74

15:40 NF 14.5 65.8 04 170

Mean 13.6 68.5 04 173

10 December 2024  11:03 SD 7.1 52.5 04 7.1
12:36 SD 7.1 51.1 04 7.1

11:06 ND 6.7 50.6 04 170

12:38 ND 6.8 50.2 04 7.1

11:08 NF 6.4 49.8 04 70

12:40 NF 6.8 49.8 04 170

Mean 6.8 50.7 04 170

B Dam ‘ M Dam

Flume Flume
Site Boundary i Site Boundary
0.33 coil sep (26/06/24) 0.33 coil sep (10/12/24)

5mS/m 40ms/m 5mS/m 40ms/m

A0 Dam
Flume
Site Boundary
1.03 coil sep (26/06/24) 1.03 coil sep (10/12/24)

5mS/m 40mS/m 5mS/m 40mS/m

Figure 4. Processed EMI ECa data from. (A) 26 June 2024 — 0.33 m coil separation (~ 0.5 m depth, (B) 10 December 2024 — 0.33 m coil
separation, (C) 26 June 2024 — 1.03 m coil separation (~ 1.5 m depth), (D) 10 December 2024 — 1.03 m coil separation. Basemap © Google
Maps 2019.
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Figure 5. Clustering and inversion results for summer (left) and winter (right) surveys. (A, B) MCASD graphs indicating the appropriate
number of clusters. (C, D) Spatial distribution of clusters. (E, F) 1D inverted cluster centres including site averaged water table depth and

VWC % max saturation depth. Basemap © Google Maps 2019.

is difficult to compare to the other cluster results. However,
this cluster is comparable between the two survey dates. Be-
low the depth of max saturation, the ECt results are very sim-
ilar. Above this depth, there are significant differences in the
ECt results, indicating a difference in the shallow peat soil
electrical conductivity between survey dates. This seasonal
variation is captured in all cluster centre results in this shal-
low area, above the depth of max saturation. On both survey
dates, Cluster 1 ECt values are closer to the electrical conduc-
tivity values measured in the open drain (red dashed vertical
line) compared to other cluster ECt values (Fig. SE, F). This
is particularly notable in the June survey data (Fig. SE). Clus-
ter 2 ECt results also appears to be notably different from the
other clusters, particularly during the June survey, appearing
as intermediate values between Cluster 1 and Clusters 3 and
4.

https://doi.org/10.5194/soil-12-151-2026

4 Discussion

4.1 Water table depth

Low hydraulic conductivity of peat soils (Galvin, 1976) com-
bined with the tendency for fen peats to be controlled by
landscape water table dynamics, indicates that open drains
have limited ability to effectively drain such grassland fen
peat sites (Tuohy et al., 2023). It is therefore assumed that
damming such open drains will also have limited spatial ef-
fect on rewetting. This is evident on this fen site by the WTD
differences noted between survey dates in this study (Table
2), which appear to be controlled by landscape water table
dynamics as opposed to any local water table control at-
tempts (i.e., open drain and dam).

In this experiment, the individual locations of the dip wells
were designed to act as a partial spatial assessment of open
drain damming effect, whereby W wells closer to the dam
were expected to be more affected than W wells further away.
This experimental design also assumes the main drainage is
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taking place via direct discharge into the open drain. The
WTD was stable across the study site during both the sum-
mer and winter survey dates (Table 2), with no indication
that drain damming was affecting the WTD in the rewet area.
The closest dip well to the open drain dam, taken to be the
combined effect of the dam and flume installations, is well
W4 (Fig. 2A) with a perpendicular distance of ~ 17 m from
the open drain, and a line-of-sight distance of ~20m from
the dam and ~ 30 m from the flume. A study on raised bogs
from Norway concluded that the spatial influence of drain
damming was 17.2m (Stachowicz et al., 2025) and a study
on agricultural fen peats from Germany concluded a more
modest estimate of “a few metres” of spatial impact from
drain dam due to low hydraulic conductivity of peat soils
(Heller et al., 2025). Tuohy et al. (2023) undertook a review
of various geographic, peat soil and drainage system combi-
nations and conclude that the effective drainage is spatially
constrained to within a few metres of the drain, which would
infer a similar constraint when damming an open drain. The
results shown here (Table 2) appear to agree with these find-
ings with no spatial influence of drain damming evident in
water table depths across the site during either the summer
or winter survey dates.

4.2 Controls on Volumetric Water Content %

Peat soils have a very high porosity, low bulk density and
tend to have high VWC (Galvin, 1976; Holden, 2005). The
specific yield, or the amount of water expected to be stored
as the WTD is lowered, for peat soils is also expected to be
very high due to capillary action holding the water within the
matrix of the peat soil (Galvin, 1976; Pierce et al., 2025).
This can result in peat soils storing large quantities of water,
even above the WTD (Holden, 2005; Price et al., 2003) and
such an effect can be seen at this site, particularly during the
summer survey date (Fig. 3).

During the June survey, both the W and C experimental
areas of the site show similar VWC vertical profiles with
depth, indicating no difference between these areas. During
the December survey date, there is a general reduction in the
VWC (~ 10 %) for the C area VWC vertical profile com-
pared to the W area (Fig. 3) and a sharp reduction in VWC
at ~0.20 m depth. While this result may be attributed to suc-
cessful rewetting efforts, the WTD results (Table 2) do not
support this conclusion. Therefore, it is assumed this result
is due to WTD being close to the surface, allowing for the
drainage of water via in-field drains, which are understood to
be located ~ 8 m from the location of the VWC probe, acting
to lower the VWC in the C experimental area.

However, VWC, combined with WTD and meteorologi-
cal information, may provide an insight into the success of
a rewetting method. A study from Germany concluded that
precipitation on drained/degraded fen peat soils had a greater
influence on WTD compared to a rewetted fen peat (Ahmad
et al., 2021), due to specific yield and water storage capac-
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ity differences. In this Irish example of a fen peat soil, there
doesn’t appear to be a difference in VWC, or WTD, between
the W and C experimental areas when analysed here in a
static manner. However, analysis of temporal dynamics and
relationship between WTD, rainfall and VWC is needed.

4.3 Temporal EMI surveys with cluster guided Inversion

The use of EMI surveys, combined with clustering and
MCASD, has provided a quick and data driven means to
return an understanding of the ECt variation on this site,
spatially, vertically, and temporally. This is often difficult to
achieve on spatial EMI datasets due to the complexity in per-
forming a full 3D inversion on EMI data (O’Leary et al.,
2024) due to volume of data to be inverted and restrictions
in performing in-field calibration of EMI instruments, with
studies often opting to use ECa as the primary measurement
(Brogi et al., 2019). ECa can give an indication of soil prop-
erty variation spatially across a site (Fig. 4), however ECt
are needed to study the vertical variation (Fig. 5). The use of
representative 1D ECa data (cluster centres) simplifies the in-
version process and still provides representative distribution
of ECt across this site. This vertical variation can also be bet-
ter understood by undertaking a repeat survey, such as done
here. Physical properties of the soil, such as peat layer thick-
ness and soil texture, are not expected to change from one
survey to the other, and so any variation in the electrical con-
ductivity may be attributed to hydrological changes within
the subsurface (WTD or water content changes). While this
would be particularly impactful for an EMI survey performed
prior to and after dam installation, the methodology and re-
sults of this study effectively demonstrate the ability of tem-
poral EMI surveys to identify areas of hydrological change. It
should be noted that other soil characteristics which change
on similar timescales, such as compaction, may influence
temporal EMI survey results, however no evidence of ad-
ditional influencing factors (e.g., iron, saline intrusion) are
present in this study.

One of the assumptions of rewetting is that by damming
the open drain water will infiltrate into the surrounding soils,
effectively rewetting them (Heller et al., 2025). Therefore, it
can be assumed that some physical properties of this open
drain water will be present in the water content of these infil-
trated soils, specifically electrical conductivity. In this study,
the inclusion of the Multi-Parameter probe measurements of
open drain water electrical conductivity (Table 3) has pro-
vided a constraint when interpretating EMI survey results,
via a measured ECt for water which is assumed to have in-
filtrated into the soil. This value is compared to the inverted
cluster centre ECt profiles to highlight which areas of the site
are impacted by this infiltration. The inclusion of these data,
or similar measurement of open drain water electrical con-
ductivity should be included with using EMI measurements
to determine the effect of drain damming on agricultural fen
peat soils.
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Observations from the EMI survey clustering and inver-
sion results show that some impact is observed ~ 20 m from
the open drain immediately upstream of the installed dam
and flume (Fig. 5). Although the spatial distribution of the
cluster centres (Fig. 5C, D) show a very similar spatial pat-
tern and indicate impact from drain damming on both sur-
veys, the inverted cluster centres (Fig. SE, F) are not similar.
For example, in the June survey, Cluster 1 (Fig. SE, F) is
significantly different to the other cluster numbers, with ECt
values at the depth of the mean water table to be closer to
the measured electrical conductivity of the open drain (Table
3). During the June survey, the WTD in the field is deeper,
thereby creating a large gradient between the in-field WTD
position and the open drain water level. Water from the open
drains infiltrates into the subsoil of the adjoining field, im-
mediately around the dam and flume, resulting in electrical
conductivity readings being closer to that of the water in the
open drain. While this effect is still present in the Decem-
ber survey, it is not as obvious. This is due to the shallower
WTD, and so less infiltration of the water in the open drain
into the surrounding soils. This would result in the pore water
content being proportionally more ground water influenced,
resulting in the electrical conductivity (Henrion et al., 2024),
of the peat soil layer to be more uniform in winter across the
site, as observed in this study.

The inclusion of VWC data, and the subsequent compar-
ison to WTD, can be used to constrain the interpretation of
EMI survey results across a site as electrical conductivity is
sensitive to water content. They provide an understanding of
the hydrological status of peat soils at the time of the survey.
EMI surveys can also be used to determine other peat soil
characteristics, such as peat depth. Cluster 5 (Fig. 5), which
is present in both June and December surveys, is linked to
the area of thinner peat. The inclusion of the temporal ele-
ment of this study allows for the identification of this clus-
ter as one of little hydrological change between these survey
dates, leading to focused analysis of this cluster. EMI surveys
in combination with peat depth via probe campaigns should
be done prior to any rewetting efforts as they can cover large
areas quickly and can yield spatial information on peat soil
characteristic changes.

EMI surveys, when combined with clustering and inver-
sion, can provide a means to assess the impact of rewetting
by assessing areas of high hydrological change through the
inclusion of multiple repeat surveys. While the most intra-
site variation is present during the June survey, when the wa-
ter table is low, and the effect of infiltrated water from the
open drain is evident, the temporal analysis highlights areas
of hydrological change between seasons, which can be em-
ployed to help determine the optimum location for monitor-
ing instruments, maximising the ability to monitor rewetting
efforts over time.
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5 Conclusions

This study demonstrates that EMI surveys can effectively as-
sess spatial impacts of drain damming on agricultural fen
peat soils. EMI results revealed localised infiltration from
the dammed open drain within approximately 20 m, partic-
ularly during the summer survey, aided by the use of neural
network clustering and Multi-Cluster Average Standard De-
viation analysis. The EMI survey results were constrained
by the presence of WTD, VWC, open drain water elec-
trical conductivity, and peat depth information across this
site. A significant observation from this study is the influ-
ence of seasonal timing on rewetting assessments. EMI sur-
veys, conducted during deeper water table conditions, pro-
vided clearer evidence of drain damming impact compared to
surveys where increased precipitation and regional ground-
water dynamics masked localised effects. This emphasises
that survey timing is crucial for detecting rewetting effects
in peat soils. The results also highlight practical applica-
tions for rewetting projects. If performed prior to rewet-
ting, EMI surveys can inform more effective placement of
drain damming structures, maximising the potential impact.
These surveys can also guide the strategic installation of
dip wells for long-term monitoring, ensuring they are placed
within zones most likely to experience hydrological change.
Overall, this study demonstrates how combining geophysi-
cal methods with modern data analytics can provide rapid,
spatially comprehensive assessments of rewetting impact. By
illustrating the strengths of EMI for rewetting monitoring,
this work supports the adoption of geophysical techniques
in peatland restoration projects. More broadly, it contributes
to improving the effectiveness of nature-based solutions for
climate change mitigation and sustainable land management.
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