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Abstract: The proper functioning of peatlands depends on maintaining an adequate ground-
water table, which is essential for ecosystem services beyond water retention. Most de-
graded peatlands have been drained for agriculture or forestry primarily through ditch
construction. Rewetting through ditch blocking is the most common initial step in peat-
land restoration. This study analyzed the hydrological response to ditch blocking in three
drained raised bogs in Norway (Aurstadmåsan, Midtfjellmåsan and Kaldvassmyra) using
a Before–After–Control–Impact (BACI) design. Following rewetting, all sites demonstrated
an average increase in groundwater levels of 6 cm across all piezometers affected by ditch
blocking. The spatial influence of ditch blocking extended 12.7–24.8 m from the ditch with
an average of 17.2 m. Additionally, rewetting increased the duration of favorable ground-
water levels for peatland functioning by 27.7%. These findings highlight the effectiveness of
ditch blocking in restoring hydrological conditions, although its impact is spatially limited.
Future assessments should also address vegetation recovery and greenhouse gas emission
reductions to ensure comprehensive restoration success.

Keywords: ditch blocking; drainage; restoration; groundwater level

1. Introduction

One of the key questions in peatland management and restoration is identifying the
prerequisites for success. This is a complex issue, as peatlands vary in type and degradation
state, which affects restoration outcomes [1]. Nonetheless, defining success criteria for
peatland rewetting is essential for future restoration planning and decision-making. A
major challenge lies in identifying measurable indicators of restoration effectiveness. One
issue is the uncertain time lag between the restoration and materialization of effects. The
most prominent changes, such as the recovery of vegetation and microbial communities
resembling pristine conditions, are expected a long time after restoration [2], with some
studies suggesting timeframes of 45–55 years [3]. This complicates the assessment of long-
term outcomes using short-term monitoring. However, this is not always the case. For
instance, rewetting measures in a fen and a bog in Finland restored the carbon balance to
near-pristine levels and triggered vegetation changes within two years of ditch blocking [4].
Another challenge is the lack of adequate monitoring to measure the effects of restoration
accurately [5]. Effective monitoring requires planning that includes baseline data collection
before restoration actions and continued monitoring afterward.
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The presence of water is a fundamental factor influencing all components of a well-
functioning peatland [6]. The average groundwater level in peatlands, as well as its
variability, are factors that have a profound impact on peat properties and greenhouse
gas fluxes [7]. A stable and sufficiently high groundwater table is essential for carbon
sequestration and the slow decomposition of organic matter [8–10]. Consequently, rewet-
ting is a critical initial step in reducing greenhouse gas emissions and restoring peatland
functions [11]. This process aims to restore favorable groundwater levels, often through
ditch blocking with dams, as well as backfilling and the use of regulation devices [12].
Additional restoration measures, such as tree removal [13] or the reintroduction of peatland
vegetation using techniques like seeding or peat moss layer transfer, may further enhance
restoration efforts [3,14]. Despite the variety of available restoration actions, rewetting
remains the most essential measure, as it directly addresses the hydrological conditions
necessary for peatland recovery. Given the central role of water in peatland ecosystems,
hydrological indicators are valuable tools for assessing the current status of peatlands and
predicting their potential for long-term changes, which often require extended time frames
to materialize.

Peatlands cover approximately 12.9% to 13.8% of Norway’s land area, depending on
the source (41,660 km2; 44,700 km2) [15,16]. The majority of degraded peatlands in Norway
have been drained for forestry and agriculture with approximately 200,000 ha drained
for agriculture by 1992 and about 400,000 ha drained for forestry by 1995 [17]. Draining
peatlands for forestry in Norway has been prohibited since 2009 [18]. Although at the
beginning of the 21st century, some mires were still being drained for agriculture [19], in
June 2020, it was decided to give up the cultivation of peatlands to protect these ecosystems
as critical carbon sinks [20].

Although peatland restoration has been a focus of research for years, significant knowl-
edge gaps remain, leading some to question the purpose, importance, and effectiveness
of rewetting [21]. One of the most prominent gaps is the lack of long-term monitoring
data [22,23]. Additionally, a deeper understanding of groundwater level responses and their
dynamics in rewetted peatlands is required [24], highlighting the need for further research
in this area. A few isolated studies are insufficient to provide a comprehensive understand-
ing of the hydrological dynamics of rewetted peatlands. More extensive monitoring studies
are necessary to gain insight into the typical responses of various peatland types.

This study aims to address these gaps by analyzing the groundwater level response
to rewetting in three drained raised bogs in Norway: Aurstadmåsan, Midtfjellmåsan, and
Kaldvassmyra. The pilot bog rewetting project, implemented by the Norwegian Environ-
ment Agency (Miljødirektoratet), aimed to restore near-natural hydrological conditions of
formerly drained peatlands. To assess the hydrological impact, groundwater levels were
monitored both before and after rewetting to compare the pre- and post-rewetting periods
and evaluate the average changes resulting from these measures. While the expected out-
come is an increase in groundwater levels across the study sites, the extent of the response
remains uncertain due to the limited number of comparable published studies.

2. Materials and Methods

2.1. Study Sites

The study was conducted at three ombrotrophic peatlands in Norway. Raised bog is
the dominant mire massif type at the study sites [18]. Aurstadmåsan and Midtfjellmåsan are
located in southeastern Norway (Akershus county), and Kaldvassmyra is located in central
Norway (Trøndelag county) (Figure 1). Both Kaldvassmyra and Midtfjellmåsan are situated
in the southern boreal vegetation zone and weakly oceanic vegetation section, whereas
Aurstadmåsan is situated in the southern boreal vegetation zone and the transitional
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vegetation section [25]. Meteorological conditions at the study sites in the period 2015-2021,
including temperature and precipitation, are presented in Table 1.

fj

ff

Figure 1. A map of southern Norway showing the location of the study sites Kaldvassmyra, Aurstad-
måsan, and Midtfjellmåsan.

Kaldvassmyra (50 ha, 185 m a.s.l., 63.72428◦ N, 11.58956◦ E) has plateau-raised bog
as the dominant mire massif type, but spring-fed flat fen and terrestrialization mire cov-
ers a substantial area in the west [26,27]. The mire sits on fluvial and glaciofluvial de-
posits [28] with phyllite and limestone in the bedrock [29]. Numerous calcareous springs
support extremely rich fen vegetation, and there is tufa formation in spring seeps and in
Lake Kaldvatnet.

The Kaldvassmyra Nature Reserve (established in 1984) covers ca. 85% of the mire
complex, excluding a plateau raised bog mire massif southeast of a drainage ditch. Based
on historical aerial photographs [30], the southernmost 125 m of this ditch was dug before
1952, whereas the remaining ca. 400 m was dug between 1966 and 1973. This ditch was
implemented for forest production purposes and stretched across the southeastern corner
of the peatland. The southern half generally followed a former lagg zone, and the northern
half was placed in a soak between two plateau raised bog mire massifs. The ditch was
blocked in 2017 but drained the eastern, bog-dominated area of Kaldvassmyra for about
50 years before restoration.

The average depth of the ditch was measured at 0.64 m in 2015, and the water table
in the ditch was approximately 0.56 m (average of measurements at 18 locations in the
ditch) [31]. The drainage effect on vegetation was visible through a gradual encroachment
of bushes and trees along the ditch and in adjacent mire margin vegetation. The mire
expanse has remained open despite the drainage.
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Table 1. Climatic conditions at the study sites Kaldvassmyra, Aurstadmåsan, and Midtfjellmåsan
in the period 2015–2021 [32]. Mean = average annual air temperature and mean annual sum of
precipitation, respectively.

Study Site
Temperature (◦C) Precipitation (mm)

Mean Min Max Mean Min Max Driest Year Wettest Year

Kaldvassmyra 1 6.2 −2.1 (Jan) 15.1 (Jul) 900 50 (Feb) 114 (Sep) 789 (2018) 1006 (2021)
Aurstadmåsan 2 6.1 −3.9 (Jan) 16.7 (Jul) 839 32 (Apr) 101 (Sep) 601 (2018) 1037 (2015)
Midtfjellmåsan 3 5.9 −4.2 (Jan) 16.1 (Jul) 713 36 (Apr) 86 (Nov) 470 (2018) 926 (2020)

1 Temperature data obtained from the Verdal-Reppe weather station (code SN70150) from the period 2015–2018.
Precipitation data were obtained from the Buran weather station (SN69960) from the period 2015–2021. 2 Tem-
perature and precipitation data obtained from the Gardermoen weather station (code SN4780) from the period
2015–2021. 3 Temperature and precipitation data obtained from the Aurskog II weather station (code SN2650)
from the period 2015–2021.

Aurstadmåsan (92 ha, 180 m a.s.l., 60.18759◦ N, 11.34243◦ E) is one of approximately
30 localities with a concentric raised bog in Norway [33] and was protected as the Aurstad-
måsan Nature Reserve in 1981. The mire complex consists of two concentric raised bog mire
massifs, and bog vegetation dominates [34]. The mire sits on thick marine and glaciofluvial
deposits [28] with granite in the bedrock [29].

A single ditch (ca. 1 km) was dug through the center of the peatland before 1953 [30],
affecting the largest mire massif. The average depth of the ditch was measured at 0.85 m
in 2015, and the water table was approximately 0.72 m (average of measurements at 35
locations in the ditch). This ditch was plugged in 2016. Comparing recent and historical
aerial photographs, it is evident that there has been a substantial encroachment of Scots
pine (Pinus sylvestris) in the northeast section of the bog in particular and in the mire
margin in general. The mire expanse southwest of the ditch has remained predominantly
open, and this area includes the highest point of the peat dome. Downy birch (Betula
pubescens) has established close to the ditch, suggesting a long-term increase in nutrient
availability in the soil and a decline in the groundwater table.

In the southern part of the bog, along the course of the ditch, dying pine trees likely
indicate the re-establishment of wet conditions as the ditch’s drainage function diminishes.
Within the core region of the dome, more pronounced hummock structures appear to
have developed since 1953, potentially signifying that the bog has been functioning under
slightly drained conditions in recent years. The smaller concentric raised bog massif in
the southeast has been severely impacted by peat excavation and cultivation, the latter
continuing until around 1970, which drained the adjacent peatland area. The areas affected
by peat excavation have been excluded from the Nature Reserve.

Midtfjellmåsan (407 ha, 280 m a.s.l., 59.95141◦ N, 11.68354◦ E) is a large mire landscape
that was partly protected as the Midtfjellmåsan Nature Reserve in 2013. Ombrotrophic
vegetation covers about 55% of the peatland area, and the mire contains several mire
complexes and ca. 90 mire massifs. The mire massif types present are plateau raised bog,
eccentric raised bog, plane bog, flat fen, terrestrialization mire, and soligenous surface flow
mire [35]. A peat layer has developed over shallow, waterlogged morainic sediments across
the majority of the site, while in certain areas, the peat directly overlays the underlying
granite or gneiss of the bedrock [28,29].

A network of 18 drainage ditches with an average distance of 26 m between them
was dug during the 1950s and 1960s, impacting three mire massifs in the central, western
part of the protected area. The mire massif types affected were plateau raised bog, plane
bog, and soligenous surface flow mire. The average depth of the ditches was measured at
0.71 m in 2015, and the water table was approximately 0.31 m (average of measurements
at 94 locations in the ditches). The ditched area was rewetted in 2018. Among the three
sites studied in this research, Midtfjellmåsan stands out as the one that has experienced the
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most pronounced drainage. Encroachment by trees, bushes, and dwarf bushes like heather
(Calluna vulgaris) is easily seen in aerial photographs and is also apparent in the field.

2.2. Installation of Piezometers and Water Level Measurements

Water level data were obtained using automatic pressure transducers, which were
placed in strategically located piezometers within the study sites (Figure 2). The loggers
recorded measurements at 3 h intervals. Data were compensated based on readings from
loggers that recorded atmospheric pressure at each site and were calibrated with manual
measurements. The installation of piezometers and water level loggers took place on 19
August 2015 in Kaldvassmyra, 21 August 2015 in Midtfjellmåsan, and 22 August 2015 in
Aurstadmåsan. The data collection for Kaldvassmyra continued until 18 October 2021,
while for Aurstadmåsan and Midtfjellmåsan, the last data were collected on 7 July 2021.
At the Kaldvassmyra site, a total of 11 piezometers were initially installed. However, 3 of
these piezometers stopped logging, so the data were available only from 8 piezometers
distributed across 3 transects and 2 individual points. K.REF was used as the reference
point (Figure 2B). Within the bog section of the Kaldvassmyra mire, the depths of the peat
layer ranged from 1.2 m to 2.5 m. At the Aurstadmåsan site, a total of 10 piezometers were
installed, which were organized into 2 groups that formed 8 transects and 2 additional
individual measurement points (Figure 2A). Point A9P was selected as a reference point.
In the northern part of the site, the depths of peat reached from 1.5 to 4 m, while in the
southern part, the reported peat layer thickness did not exceed 1.3 m. At the Midtfjellmåsan
site, 11 piezometers were installed in 3 transects and 1 individual point as a reference point
(M6P) (Figure 2C). The peat thickness in Midtfjellmåsan varied from 1.4 m to 3.5 m. The
details of peat depths at specific locations are presented in Table A1 in Appendix A.

fj

fj

fj

fj
fj

 

fj

Figure 2. Maps with the locations of piezometers in Aurstadmåsan (A), Kaldvassmyra (B) and
Midtfjellmåsan (C) sites (‘*’ indicates a reference point; arrows indicate flow directions in the ditches).

The preparation of the piezometers followed the instructions provided in the descrip-
tion depicted in Figure A1 (Appendix A). The body of each piezometer was made of a
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PVC pipe of 40–50 mm diameter. The length of each piezometer was adjusted to match
the actual depth of the peat in the respective installation location. For the majority of the
piezometers, the lower section of the pipe was hammered into the underlying sand or
till layer. In cases where the peat directly rested on the mineral bedrock, the bottom of
the piezometers was positioned to make contact with the rock surface. In sites where the
peat depth exceeded 3 m, the piezometers were installed directly in the peat, assuming
that no vertical movements of these piezometers could have occurred over the monitoring
period. Elevations of heads of installed piezometers and elevations of the ground in places
of installation were measured with an accurate DGPS receiver. Reference piezometers were
placed in areas that are unlikely to be affected by damming the ditch.

2.3. Implementation of Restoration Measures

The restoration of the study sites was conducted as part of the Norwegian Environment
Agency’s 2015–2020 plan, which aimed to adapt to climate change by reducing greenhouse
gas emissions and improving the ecological condition of peatlands [36,37]. The rewetting
technique employed was ditch blocking with peat dams, which is a proven cost-effective
and successful method [38,39]. The locations of the dams were set based on hydrological
modeling [31] which reflected the principle of designing one peat dam for every 0.2 m of
water level slope in the ditch. The peat dams were designed to be approximately 0.5 m
higher than the maximum ditch depth and extended several meters beyond the ditch
boundaries. Details on the construction process are provided in Appendix B.

Rewetting measures were implemented on 2 December 2016 (Aurstadmåsan), on 24
April 2017 (Kaldvassmyra), and on 14 September 2018 (Midtfjellmåsan). In Kaldvassmyra,
12 peat dams were constructed, with an average spacing of 35.4 m (median 29.8 m) between
dams, ranging from 14.7 m to 115.8 m. In Aurstadmåsan, 7 peat dams were installed with
an average spacing of 34.7 m (median: 36.5 m) and a range of 26.1 m to 41.6 m. Notably,
4 dams were placed in the northern section of the ditch and 3 in the southern section,
leaving the middle 730 m unblocked. Data for the dams in Midtfjellmåsan were unavailable
due to unclear aerial photos and the lack of a field inventory.

2.4. Data Analysis

The study employed a BACI (Before/After Control/Impact) design to compare
groundwater and precipitation data collected before and after the implementation of
rewetting measures. Water level loggers recorded data at 3 h intervals, from which daily
averages were calculated for further analysis. Daily precipitation data were obtained from
meteorological stations near the study sites, as summarized in Table 1.

To analyze groundwater table changes following rewetting, equal time intervals before
and after ditch blocking were compared. These intervals were defined relative to the
rewetting date for each site. At Kaldvassmyra and Aurstadmåsan, data were grouped into
five intervals: one year before rewetting and four consecutive years after rewetting. A one-
day discrepancy during leap years was disregarded. At Midtfjellmåsan, where rewetting
occurred later in the monitoring period, data were divided into two equal intervals of
1027 days each. Mean groundwater levels from piezometers within the influence range
of ditch blocking (referred to as “impact piezometers”) were calculated, while control
piezometers were analyzed separately. The same method was applied to evaluate changes
in monthly precipitation sums over the monitoring period and assess whether variations in
weather conditions could account for observed changes in groundwater levels. Additionally,
average annual precipitation totals were analyzed. Differences between pre- and post-
rewetting periods were assessed using the non-parametric Wilcoxon test.



Land 2025, 14, 142 7 of 32

For simplicity, further analyses encompassed the entire monitoring period, which was
divided into two unequal pre- and post-rewetting periods. These analyses investigated
differences at the level of individual piezometers and seasonal effects of rewetting as indi-
cated by changes in monthly mean groundwater levels. Additional assessments included
determining the impact radius of ditch blocking and analyzing changes in groundwater
table duration curves. Time series trends were evaluated using linear regression [40]. All
analyses used a significance level of 0.05. Data processing and analysis were conducted
using R Statistical Software version 4.1.2 [41], employing the ggplot2 package version
3.3.6 [42] for data visualization.

3. Results

3.1. Changes in Groundwater Tables

In almost all cases, a significant increase in mean groundwater tables was observed
within each site after rewetting (Figure 3). At Kaldvassmyra, the mean increase was 0.08 m,
which was consistently observed each year following rewetting. At Aurstadmåsan, the
change was not significant in the second year (2018), which was identified as the driest
year during the monitoring period for both Aurstadmåsan and Midtfjellmåsan.

tt
ff ff tt

tt
tt

fj

 

tt
≤ ≤

Figure 3. Boxplots illustrating groundwater table comparisons across equal time intervals before and
after rewetting. Row (A) represents the mean groundwater tables from impact piezometers, while
row (B) shows the control piezometers. ‘ns’—p > 0.05; ‘*’—p ≤ 0.05; ‘****’—p ≤ 0.0001.
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Time series analysis revealed a notable drop in groundwater levels at these sites during
that year, which was attributed to exceptionally low precipitation. However, on average,
the groundwater tables increased by 0.04 m at Aurstadmåsan and 0.08 m at Midtfjellmåsan.
Across all sites, the average increase in groundwater levels was 0.06 m. For the control
piezometers, the mean groundwater table change was 0.02 m in Kaldvassmyra, −0.04 m in
Aurstadmåsan, and 0.01 m in Midtfjellmåsan, resulting in an average change of −0.01 m
across all sites.

The analysis of groundwater table data before and after rewetting revealed spatial
variations in hydrological responses across the sites, depending on piezometer locations. At
each site, piezometers that showed increased mean groundwater levels following rewetting
were identified (Figure 4, Appendix D). However, not all impact piezometers responded
positively to ditch blocking. In Kaldvassmyra, three out of eight piezometers exhibited
an increase in mean groundwater levels, while the remaining five piezometers showed a
decrease. In Aurstadmåsan, seven out of ten piezometers recorded higher mean groundwa-
ter levels post-rewetting, whereas the remaining three piezometers, along with the control
piezometer, showed a decline. In contrast, nearly all piezometers in Midtfjellmåsan (10 out
of 11) demonstrated an increase in mean groundwater levels after rewetting.

tt

fj

− fj
−
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tt
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Figure 4. Boxplots of groundwater tables before and after rewetting for each piezometer in
Kaldvassmyra (A), Aurstadmåsan (B), and Midtfjellmåsan (C). K.REF, A9P, and M6P represent
control piezometers.
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Hydrographs illustrating changes in average daily groundwater tables during the
monitoring period for individual piezometers are presented in Appendix C. The trend lines
and corresponding equations generally reflect the observed changes in average ground-
water depths before and after rewetting. In Kaldvassmyra, an increasing trend line was
observed at three out of eight measurement points (K2.50P, K3.30P, K4.20P). A decreasing
trend was recorded at the control piezometer (K.REF) and four impact piezometers (K1.30P,
K1.60P, K3.0P, K4.50P). In Aurstadmåsan, most measurement points exhibited an increasing
trend line, while a decreasing trend was noted in the control piezometer (A9P) and one
impact piezometer (A2P). In Midtfjellmåsan, a decreasing trend was observed in only one
piezometer (M2P).

Monthly mean groundwater tables in the impact piezometers increased in nearly all
cases during the post-rewetting period (Figure 5). The only exceptions were in August
and September at Aurstadmåsan, where the mean groundwater table was lower after
rewetting compared to the pre-rewetting period. This decline may be attributed to lower
mean precipitation totals in these months following rewetting.

tt

fj

tt

tt tt tt
tt

tt
fj

Figure 5. Monthly mean groundwater tables of the impact piezometers and the monthly mean sum
of precipitation from the pre-and post-rewetting period in Kaldvassmyra (A), Aurstadmåsan (B), and
Midtfjellmåsan (C). The green areas represent the growing season in Norway (May–October).
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In contrast, the monthly mean groundwater tables of the control piezometers generally
decreased or remained unchanged in the post-rewetting period. Positive changes in control
piezometers were observed in June (0.05 m) and October (0.07 m) at Kaldvassmyra, in
June (0.01 m) at Aurstadmåsan, and in February (0.01 m), May (0.04 m), June (0.06 m), July
(0.06 m), and August (0.05 m) at Midtfjellmåsan.

3.2. Impact Radius of Ditch Blocking

The average distance affected by ditch blocking, where a rise in groundwater levels
was observed, was 24.8 m in Kaldvassmyra, 12.7 m in Aurstadmåsan, and 14.1 m in
Midtfjellmåsan (Figure 6). The overall average range of influence of ditch blocking was
17.2 m. Analysis of p-values in relation to distance from the ditch indicates that changes
in groundwater depths before and after rewetting are statistically significant up to 35.2 m
from the ditch.
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Figure 6. Relationship between the average groundwater level change and the distance from the
ditch in Kaldvassmyra, Aurstadmåsan, and Midtfjellmåsan (control piezometers excluded).

3.3. Changes in GWD Exceedance Frequencies

Groundwater table duration curves for each site, divided into pre- and post-rewetting
periods, are presented in Figure 7. The graph includes curves for the reference piezometers
and the curve representing the average groundwater depth from all impact piezometers
(excluding the reference piezometer). On average, the impact piezometers at each site
showed a noticeable increase in the groundwater table after rewetting with a frequency of
exceedance of approximately 80%.

Figure 8 illustrates changes in the occurrence of specific groundwater levels before and
after rewetting. In Kaldvassmyra, durations of higher groundwater tables after rewetting
(ranging from −0.2 to −0.1 m and higher) extended in piezometers K2.50, K3.30P, and
K4.20P. Most other piezometers exhibited a decreased amount of time with higher ground-
water tables post-rewetting. Piezometers that recorded the water table at the surface or
above ground level during the post-rewetting monitoring period included K2.50P (54.2%
of the time), K3.0P (0.4% of the time), and K3.30P (7.7% of the time). In Aurstadmåsan,
durations of higher groundwater tables after rewetting increased in piezometers A1P, A3P,
A4P, A5P, A7P, A8P, and A10P. Piezometers that showed a significant increase in the oc-
currence of the water table at the surface or above ground level during the post-rewetting
period included A5P (8.1% of the time), A7P (71.7% of the time), A8P (5.2% of the time),
and A10P (48.4% of the time). In Midtfjellmåsan, the duration of higher groundwater tables
after rewetting increased in piezometers M6P (reference piezometer), M1P, M3P, M4P, M5P,
M7P, M8P, M9P, M10P, and M11P. Piezometers with a significant change in the occurrence
of the water table at the surface or above ground level during the post-rewetting period
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included M6P (21.8% of the time), M5P (7.8% of the time), M8P (27.0% of the time), and
M10P (6.4% of the time).

tt

tt
fj

Figure 7. Groundwater depth duration curves before and after rewetting at Kaldvassmyra, Aurstad-
måsan, and Midtfjellmåsan.
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Figure 8. Cont.
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Figure 8. Changes in the occurrence of specific ranges of groundwater tables before and after
rewetting in Kaldvassmyra (A), Aurstadmåsan (B), and Midtfjellmåsan (C) (control piezometers:
K.REF, A9P, M6P).

3.4. Analysis of Meteorological Conditions

Analyses of two key precipitation factors were conducted. Before rewetting, the aver-
age annual precipitation totals at Kaldvassmyra, Aurstadmåsan, and Midtfjellmåsan were
836 mm, 859 mm, and 649 mm, respectively. After rewetting, these averages were 885 mm,
827 mm, and 681 mm, respectively. The medians of the average monthly precipitation sums
at Kaldvassmyra were 71 mm before rewetting and 64 mm after rewetting. At Aurstad-
måsan, the medians were 70 mm before rewetting and 75 mm after rewetting, while at
Midtfjellmåsan, the medians were 47 mm before rewetting and 46 mm after rewetting.

Changes in monthly precipitation sums were not significant between the pre- and
post-rewetting periods at any of the sites (Figure 9). This suggests that differences in
precipitation patterns alone cannot explain the changes in the groundwater tables observed
after ditch blocking.
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Figure 9. Boxplots of average monthly sums of precipitation in Kaldvassmyra, Aurstadmåsan, and
Midtfjellmåsan. ‘ns’—p > 0.05.

4. Discussion

4.1. Response to Ditch Blocking

The results indicate that the rewetting measures applied led to a general increase
in water levels in the peatlands studied. However, the success of rewetting is spatially
limited and dependent on the distance from a ditch block. The average impact radius of
ditch blocking in the three analyzed bogs ranged from 12.7 to 24.8 m. Consistent with the
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present study, previous research has shown that ditch blocks have a limited range of impact,
affecting – at the time - the groundwater table only within a certain distance (Table 2).

Most of the values found in other field studies align with our results. One study
reported that the effect of ditch blocking extends up to nearly 1 km with an average water
level increase of 9.8 to 12.2 cm [43], although it did not specify how the effect is distributed
along a transect. A hydrological model applied to a tropical peatland in Indonesia also
observed an effect of ditch blocking up to 1 km, but the water level increase at the farthest
point was only 1 mm [44], which may be either insignificant or below the model’s accuracy.
The groundwater table response may vary due to multiple factors, such as peat quality, soil
structure, and vegetation cover [45]. Additionally, the recovery of the groundwater table
depends on the elevation difference from the constructed dam with the response expected
only up to a 17 cm difference [46].

Table 2. Examples of estimated impact ranges of ditch blocking in peatlands from other field studies.

Name Country Peatland Type Impact Radius of Ditch Blocking [m] Reference

Bullock Creek Polje New Zealand Fen 30 [47]
Kamanos mire Lithuania Raised bog 980 [43]

Burns Bog Canada Raised bog 20 [48]
Burns Bog Canada Raised bog <50 [45]

Grande plée Bleue bog Canada Raised bog 25 [46]

The meta-analysis conducted by Bring et al. [49] revealed that the impact of restoration
(including ditch blocking) in bogs reaches up to 80 m from the ditch, and the groundwater
table rise after restoration decreases to 50% after 9 m. In contrast, the corresponding value
for the impact of drainage is 21 m, indicating that the impact radius of drainage is more
than twice as large, making restoration more challenging than draining. On average, for
all peatland types, excluding blanket bogs, the restoration measures were found to raise
groundwater levels in the vicinity of undertaken actions by 22 cm.

It is noteworthy that the responses of drained peatlands to rewetting, including specif-
ically raised bogs, can vary significantly depending on the meteorological conditions
following rewetting [50]. A site experiencing dry conditions during the post-rewetting
period may not show a rise in water levels due to a lack of water. Higher temperatures
can affect the rate of evaporation [51], potentially hindering a positive response to rewet-
ting [52]. These factors must be considered when evaluating the long-term effectiveness of
peatland restoration, as climate change is likely to influence its success. In light of changing
climatic conditions, it may become unfeasible to restore a hydrological regime that favors
the original, pre-drainage peatland type (e.g., hydromorphological type). However, this
does not mean that peatland restoration is unnecessary, as rewetting is likely to facilitate a
successful transition toward a peatland adapted to future climate regimes [53,54]. Addi-
tionally, a drained peatland without any action taken toward rewetting is likely to continue
deteriorating and may even disappear under future climatic pressures [55,56].

4.2. Was Rewetting a Success?

Following rewetting, all sites demonstrated an average increase in groundwater levels
of 6 cm across piezometers affected by ditch blocking. A similar study observed comparable
results, reporting a 6 cm rise in groundwater levels in a rewetted fen in Sweden [57].
Likewise, rewetting measures increased the groundwater table by an average of 8 cm in
a drained raised bog in the Czech Republic [58]. However, a broader study by Menberu
et al. [59] which examined 24 rewetted peatlands—including spruce mires, pine mires, and
fens—found a mean groundwater table rise of 21.9 cm.
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Although the 6 cm mean rise observed in this study might appear modest and insuf-
ficient as a positive response of a drained peatland to rewetting, recent findings suggest
otherwise. According to Koch et al. [60], even small increases in the groundwater table
can significantly reduce CO2-equivalent emissions. Specifically, a water table depth of
40 cm below the surface has been identified as a critical tipping point for limiting CO2 re-
lease. Based on these findings, the groundwater table increases observed in Kaldvassmyra,
Aurstadmåsan, and Midtfjellmåsan may have contributed to reductions of approximately 7,
8, and 9 t CO2 eq. ha−1 year−1, respectively. Altogether, the rewetting of these sites could
potentially lead to an estimated reduction of approximately 75.5 t CO2 eq. annually. This is
a very careful and rough estimate and requires future research on the carbon balance in
rewetted raised bogs.

Other studies have also found a relationship between groundwater tables and carbon
emissions. A model-based approach applied by Urzainki et al. [44] revealed that the rise in
mean annual groundwater level after blocking drainage canals in a tropical peatland com-
plex in Indonesia was only 1.5 cm. Nevertheless, the study predicted that canal-blocking
could reduce the emission of 1.07 t CO2 eq. ha−1 in the dry year and 1.17 t CO2 eq. ha−1

in the wet year. This suggests that even the smallest changes in the groundwater table
can trigger ecologically beneficial processes or gradually reverse the negative impacts
of drainage.

Another observation from the data analysis is that in most cases across all study
sites, there is a longer period with a higher groundwater table. A study by Liu et al. [10]
identified the critical groundwater table depth as 30 cm, representing a turning point for
changing the functionality of a peatland. The research revealed that a groundwater table
deeper than 30 cm implies a reduction in carbon sequestration rates. In a different study,
Lamentowicz et al. [61] found that a critical value for the functioning of the peatland
ecosystem is approximately 11.7 cm, which is based on plant community composition.
Other sources also mention that the groundwater table of 10–15 cm below the surface is a
tipping point for Sphagnum spp. growth [62]. Considering these depths as indicative of a
well-functioning peatland, they could be used as threshold values for a hydrology indicator
to assess the successful restoration of these ecosystems.

In the case of the rewetted sites in this study, the period with a groundwater table of
30 cm or higher in Kaldvassmyra increased by 13.7% after ditch blocking (from 61.9% to
75.6%). In Midtfjellmåsan, there was a change of 9.3% (90.7–100%). In the Aurstadmåsan
site, the situation was somewhat different, as the groundwater table was already around
30 cm deep throughout the study period before rewetting (99.9%). When the threshold was
lowered to 20 cm in this case, a more noticeable difference was observed: the period with a
groundwater table of 20 cm or higher increased by 23.9% (from 58.8% to 82.7%). Overall,
rewetting increased the time during which the groundwater table was 30 cm or higher
by 11.5%.

Considering the period with a groundwater table at or above 11.7 cm, there was a
significant increase at all of the sites after rewetting. In Kaldvassmyra, the increase was
15.8% (from 0.6% to 16.4%), in Aurstadmåsan it was 43.7% (from 0% to 43.7%), and in
Midtfjellmåsan it was 23.7% (from 0.7% to 24.4%). On average, ditch blocking increased the
period when the groundwater table was 11.7 cm or higher by 27.7%. These calculations were
based on the average groundwater table from all the impact piezometers. In conclusion, the
duration of favorable hydrological conditions for peatland functioning has been prolonged.

Changes in the study sites can also be observed visually not only through piezometer
data. At both the Midtfjellmåsan and Aurstadmåsan sites, Sphagnum spp. and graminoids
such as Eriophorum vaginatum and Rhynchospora alba have colonized the blocked ditches, at
least in ombrotrophic mire massifs. A field visit to Midtfjellmåsan in July 2021 revealed
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that the blocked ditches of the raised bog mire massif were water-filled, while the blocked
ditches of the soligenous surface flow mire were partly dry between peat dams. The
piezometer readings do not seem to support this observation, as the raised bog piezometers
(M1P–M3P, Figure 3) suggest less ditch blocking effect than the fen piezometers (M4P–M5P
and M7P–M11P, Figure 3). The most likely explanation is that the hydrology of the raised
bog mire massif was less impacted by drainage than that of the fen mire massif and that
rewetting has had a relatively higher impact on groundwater levels in the fen. Additionally,
there may be greater variability in the fen groundwater levels, which probably reflects
both the innate hydrological characteristics of soligenous surface flow mires and the effects
of drainage.

In the Kaldvassmyra site, the response of the groundwater table to ditch blocking is
not evident in individual piezometer readings. In this site, Kyrkjeeide et al. [63] found no
changes in species composition that can be related to restoration five years after rewetting.
However, there are changes in the area, indicating a rise in the groundwater table. The
forest vegetation established in the drained mire margin close to the ditch has been flooded,
and trees show signs of dying, indicating an apparent shift in hydrological conditions.
Taking a closer look at the restored ditch and the placement of piezometers may shed some
light on the lack of a clear, measured impact. During field visits, the water level in the ditch
has always been high in the soak between the raised bog mire massifs. This is in the interior
of the mire complex and is covered by piezometers K2.50, K3.0, and K3.30, among which
at least K2.50 documents increased water level after restoration (Figure 4). Contrastingly,
in the lagg zone (mire margin area), the water level in the blocked ditch fluctuates and
can dry out completely. This is covered by piezometers K1.30, K1.60, K4.20, and K4.50
with little evidence of increased water level after rewetting. At this site, the rewetting
appears to be either partly successful or the natural hydrological pattern of the mire margin
and lagg zone is not fully understood. These observations highlight that relying solely on
raw data from piezometers can lead to overlooking important changes and missing the
bigger picture.

It is important to note that there is a time lag in the reaction of a peatland to rewetting
measures [59]. A rise in the groundwater table is not immediately accompanied by a
simultaneous positive response in vegetation [63,64], gas fluxes [65], or peat physical
properties [66]. To document long-term changes, the monitoring period after rewetting
should be extended [67]. A case of a raised bog in Norway, Rønnåsmyra, which underwent
restoration [18], provides a comparable example to the sites in this study. It was drained
in 1973 and rewetted in 1982 by blocking the ditches with peat dams [68]. A study by
Nordbakken et al. [68] on vegetation changes after rewetting revealed that 22 years after
restoration, the vegetation of the restored area resembled that of the pristine area. A similar
assessment conducted 6 years post-rewetting (1988) found no evident changes at that time.
The study’s general conclusion was that the ditch blocking of the raised bog at Rønnåsmyra
was successful. This confirms that the results of rewetting may take decades to materialize
rather than years.

4.3. Future Challenges and Limitations

Examining potential future challenges of rewetted sites from this study, they will need
to contend with various changing meteorological conditions in Norway. According to the
more pessimistic, high-emission scenario (RCP8.5), temperatures in Norway are projected
to increase by approximately 4.5 ◦C by the end of the 21st century [69]. Considering the
lower greenhouse gas emissions scenario (medium—RCP4.5), the increase in temperature
might reach, on average, 2.8 ◦C. In any case, an increase in the evaporation rate is inevitable.
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The medium emissions scenario projects that the evaporation rate will increase by
approximately 15–35% in eastern and southern Norway by the end of the century. In other
regions of the country, this change may reach up to 75% [70]. Despite the expectation
of a roughly 18% increase in annual precipitation in Norway (RCP8.5), future soil mois-
ture is predicted to decrease [69]. It has also been found that the warming effect in the
Scandinavian regions will be more noticeable in winter rather than in summer [71]. This
indicates that we can expect more rainfall in winter instead of snowfall, leading to a general
decrease in snow cover and a reduction in the occurrence of snowmelt flooding [72,73].
Considering meteorological projections, a decline in the groundwater table in peatlands
might be expected to occur throughout the century. A study by Bertrand et al. [74] modeled
that there will be more seasonal fluctuations in the groundwater table, with a significant
decline from the second half of the 21st century, especially in the RCP8.5 scenario.

Other factors will also influence the effectiveness of ditch blocking, such as the initial
condition of a drained peatland—namely, the extent to which the peat has been degraded
and how its properties were changed [59]. The depth of drainage also seems to be the factor
affecting the effectiveness of raising the groundwater table—shallow drained peatlands
have a better chance of a positive reaction to rewetting [46].

5. Conclusions

Our research indicates that the described measures of slowing down runoff from the
ditches by building peat dams have effectively contributed to the rise in the groundwater
tables of the analyzed peat bogs. The average influence range of the ditch blocking was
12.7–24.8 m. Considering the data from all the impact piezometers, groundwater levels
increased by an average of 6 cm, while the same value for control piezometers was −1 cm.
Rewetting significantly increased the duration of groundwater levels favorable for restoring
peatland functions. On average, ditch blocking increased the period when the groundwater
was 11.7 cm (used threshold for the functioning of peatland ecosystem) or higher by 27.7%.
Considering another measure, rewetting increased the time when the groundwater table
was 30 cm or higher by 11.5%. The results suggest that ditch blocking can be an effective
tool in restoring the hydrological conditions of peatlands, although its effectiveness may be
limited in time and space. The assessment of restoration success could be complemented
by analyses of other conditions, including changes in vegetation cover and greenhouse
gas emissions (CO2, CH4, N2O). Our conservative estimates highlighted that rewetting of
these three sites could lead to a reduction of 75.5 t CO2 eq. per year, but the direct impact
of rewetting on greenhouse gas emissions should be evaluated more thoroughly and field
proven. The scale and extent of the positive impact of the rewetting measures on peatlands
presented in this research will most likely increase over time. Although progressing climate
change and changes in water availability may limit the effectiveness of rewetting, it appears
that continued restoration measures are the only way to increase the resilience of peatlands
and the value of the benefits that a well-preserved environment provides to society.
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Appendix A

Piezometers’ Details

Table A1. Details of the piezometers (‘*’—reference piezometer).

Site Piezometer XY Coordinates (WGS) Peat Thickness [m] Remarks

K
al

dv
as

sm
yr

a K-REF * 11.59038, 63.72181 1.90 -
K1-30P 11.59584, 63.7253 1.60 sand
K1-60P 11.59621, 63.72503 1.75 sand
K2-50P 11.5952, 63.72445 1.90 sand
K3-0P 11.5938, 63.72423 2.20 sand

K3-30P 11.5943, 63.7241 2.00 sand
K4-20P 11.59091, 63.72267 1.85 sand
K4-50P 11.59128, 63.72263 1.20 sand

A
ur

st
ad

m
ås

an

A1P 11.34372, 60.1897 >3.0 -
A2P 11.34355, 60.18958 >3.0 -
A3P 11.34334, 60.18966 >3.0 -
A4P 11.34346, 60.18984 1.50 silt (gyttia?)
A5P 11.34401, 60.18959 >3.0 -
A6P 11.34376, 60.18942 >3.0 -
A7P 11.34519, 60.18417 1.20 silt (gyttia?)
A8P 11.34499, 60.18422 1.20 silt (gyttia?)

A9P * 11.34431, 60.18392 1.10 silt
A10P 11.34608, 60.18474 1.30 silt (gyttia?)

M
id

tf
je

llm
ås

an

M1P 11.68344, 59.95217 3.20 -
M2P 11.68326, 59.95222 2.80 sand
M3P 11.68363, 59.95203 2.70 sand
M4P 11.68389, 59.9508 1.40 calcareaous sand
M5P 11.68371, 59.95097 1.40 sand

M6P * 11.67236, 59.94601 1.80 bedrock
M7P 11.68289, 59.95095 1.60 till
M8P 11.6826, 59.95079 2.50 -
M9P 11.68233, 59.95052 1.70 bedrock

M10P 11.68248, 59.95059 3.40 -
M11P 11.68255, 59.95068 3.50 -
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Figure A1. Piezometer’s design.

Appendix B

The Procedure of Ditch Dam’ Construction Applied in the Described Case Studies

Step 1:
Select an appropriate site (dams should be constructed in a pattern of one dam per

approximately 0.2 m of water table/ditch bottom gradient). Clean the ditch banks and
excavate peat/mineral material in the ditch bed and slightly beyond: below the ditch
bottom elevation determined at the design stage.

Step 2:
The material for the dam should be taken from a site adjacent to the ditch (e.g., within

5 m of the ditch bed). The top layer of dried peat (approximately 0.2) should be set aside
and not used for dam construction. Peat from the deeper layers of the soil profile taken
in the vicinity of the ditch bed should be placed in the created depression to the ordinate
about 0.3–0.5 m higher than the ditch banks. A dam built perpendicular to the ditch bed
should “extend” beyond the ditch bed for about two ditch widths on the right bank and
two ditch widths on the left bank. This allows—in wet periods—the water to be diverted
from the ditch into the peat bog area, increasing the effectiveness of the operation.

Step 3:
The ditch bed between constructed dams should be filled with surplus material taken

for dam construction. The introduction of dried peat from the topsoil profile into the ditch
should be avoided.

Step 4:
The banks of small waterbodies (ponds) created by the extraction of material for the

construction of the dam should be profiled so that their slope does not impede the ingress
(and egress) of amphibians and other animals.

Appendix C

Hydrographs

Kaldvassmyra
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Figure A2. Groundwater depth and precipitation before and after rewetting in piezometer K.REF.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.0722695196313581 + −1.34471724148549 × 10−5 × x.
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Figure A3. Groundwater depth and precipitation before and after rewetting in piezometer K1.30P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = 0.295372352980613 + −3.56069167565431 × 10−5 × x.
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Figure A4. Groundwater depth and precipitation before and after rewetting in piezometer K1.60P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = 0.500276621282405 + −4.99935728099233 × 10−5 × x.
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Figure A5. Groundwater depth and precipitation before and after rewetting in piezometer K2.50P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −4.21537097970746 + 0.000227020587660996 × x.
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Figure A6. Groundwater depth and precipitation before and after rewetting in piezometer K3.0P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = 0.527673900033183 + −5.11983475251307 × 10−5 × x.
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Figure A7. Groundwater depth and precipitation before and after rewetting in piezometer K3.30P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.617217750141572 + 2.34234704348353 × 10−5 × x.
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Figure A8. Groundwater depth and precipitation before and after rewetting in piezometer K4.20P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.438316010368798 + 1.40341469065934 × 10−5 × x.

tt

− −

tt

− −

tt

− −

Figure A9. Groundwater depth and precipitation before and after rewetting in piezometer K4.50P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = 0.391328050472584 + −2.71376863007763 × 10−5 × x.
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Figure A10. Groundwater depth and precipitation before and after rewetting in piezometer A9P
(control piezometer). Red line represents the date of peat dam construction; gray line represents a
trend line. Trend line equation: y = −0.016332267477855 + −4.4304690170292 × 10−6 × x.
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Figure A11. Groundwater depth and precipitation before and after rewetting in piezometer A1P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −1.45232389277605 + 6.96421961149087 × 10−5 × x.
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Figure A12. Groundwater depth and precipitation before and after rewetting in piezometer A2P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.199593765095243 + −1.1320486546341 × 10−6 × x.
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Figure A13. Groundwater depth and precipitation before and after rewetting in piezometer A3P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.504720685205623 + 1.71058635569323 × 10−5 × x.
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Figure A14. Groundwater depth and precipitation before and after rewetting in piezometer A4P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.97242567190085 + 4.34024429775599 × 10−5 × x.
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Figure A15. Groundwater depth and precipitation before and after rewetting in piezometer A5P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −1.64729627235141 + 8.50666940383836 × 10−5 × x.
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Figure A16. Groundwater depth and precipitation before and after rewetting in piezometer A6P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.305726611559842 + 2.07597152667249 × 10−6 × x.



Land 2025, 14, 142 24 of 32

 

tt

−

tt

− −

tt

− −

fj

Figure A17. Groundwater depth and precipitation before and after rewetting in piezometer A7P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −2.10986538059255 + 0.000117160946097971 × x.

tt

−

 

tt

− −

tt

− −

fj

Figure A18. Groundwater depth and precipitation before and after rewetting in piezometer A8P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.634947112113461 + 3.00869747950434 × 10−5 × x.
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Figure A19. Groundwater depth and precipitation before and after rewetting in piezometer A10P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.941198521843798 + 5.08352721298071 × 10−5 × x.

Midtfjellmåsan
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Figure A20. Groundwater depth and precipitation before and after rewetting in piezometer M6P
(control piezometer). Red line represents the date of peat dam construction; gray line represents a
trend line). Trend line equation: y = −0.686592923503051 + 2.25822604941247 × 10−5 × x.
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Figure A21. Groundwater depth and precipitation before and after rewetting in piezometer M1P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.644078444823363 + 2.91070802712557 × 10−5 × x.
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Figure A22. Groundwater depth and precipitation before and after rewetting in piezometer M2P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.0632860575727428 + -3.55878203137512 × 10−6 × x.
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Figure A23. Groundwater depth and precipitation before and after rewetting in piezometer M3P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.452081832899084 + 1.87555571383385 × 10−5 × x.
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Figure A24. Groundwater depth and precipitation before and after rewetting in piezometer M4P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −2.06541350159327 + 0.000107846578587073 × x.
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Figure A25. Groundwater depth and precipitation before and after rewetting in piezometer M5P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −1.10483425625354 + 5.31894780911463 × 10−5 × x.
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Figure A26. Groundwater depth and precipitation before and after rewetting in piezometer M7P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −1.74867144833594 + 8.39537419663912 × 10−5 × x.
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Figure A27. Groundwater depth and precipitation before and after rewetting in piezometer M8P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.632890216671114 + 3.01224454111323 × 10−5 × x.
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Figure A28. Groundwater depth and precipitation before and after rewetting in piezometer M9P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −0.990506727499476 + 3.56123765081276 × 10−5 × x.
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Figure A29. Groundwater depth and precipitation before and after rewetting in piezometer M10P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −2.40381758748658 + 0.00012206384827724 × x.
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Figure A30. Groundwater depth and precipitation before and after rewetting in piezometer M11P.
Red line represents the date of peat dam construction; gray line represents a trend line. Trend line
equation: y = −1.40014199790285 + 6.32920737061399 × 10−5 × x.

Appendix D

Table A2. Groundwater tables at each piezometer before and after rewetting (minimum, maximum,
mean and median), changes in average groundwater tables and distance of the piezometer from the
ditch (‘*’ control piezometer).

Site Piezometer

Groundwater Table [m]
Groundwater

Table
Change [m]

Distance
from the
Ditch [m]

Min Max Mean Median

Before After Before After Before After Before After

K
al

dv
as

sm
yr

a

K.REF * −0.63 −0.98 −0.08 −0.08 −0.29 −0.32 −0.29 −0.27 −0.03 42.0
K1.30P −0.52 −0.72 −0.06 −0.15 −0.29 −0.35 −0.29 −0.34 −0.06 26.5
K1.60P −0.76 −1.08 −0.12 −0.11 −0.36 −0.40 −0.35 −0.36 −0.04 9.0
K2.50P −0.87 −0.76 −0.09 0.31 −0.52 −0.05 −0.48 0.03 0.47 7.2
K3.0P −0.56 −0.88 −0.16 0.03 −0.37 −0.39 −0.38 −0.34 −0.02 53.7
K3.30P −0.51 −0.57 −0.02 0.11 −0.24 −0.18 −0.21 −0.18 0.06 17.7
K4.20P −0.43 −0.54 −0.05 −0.02 −0.21 −0.18 −0.20 −0.15 0.03 35.2
K4.50P −0.33 −0.52 0.09 0.09 −0.08 −0.10 −0.06 −0.07 −0.02 10.0

A
ur

st
ad

m
ås

an

A9P * −0.18 −0.67 0.02 0.01 −0.06 −0.10 −0.05 −0.08 −0.04 17.0
A1P −0.39 −0.53 −0.20 −0.04 −0.28 −0.20 −0.26 −0.18 0.08 7.2
A2P −0.28 −0.60 −0.13 −0.05 −0.19 −0.23 −0.18 −0.21 −0.03 11.0
A3P −0.26 −0.50 −0.15 0.07 −0.21 −0.20 −0.21 −0.19 0.01 13.0
A4P −0.36 −0.76 −0.17 −0.07 −0.25 −0.19 −0.23 −0.15 0.06 9.4
A5P −0.31 −0.55 −0.13 0.06 −0.21 −0.12 −0.20 −0.08 0.10 7.1
A6P −0.34 −0.67 −0.15 −0.09 −0.24 −0.28 −0.23 −0.25 −0.04 15.9
A7P −0.35 −0.50 −0.09 0.24 −0.19 0.01 −0.18 0.04 0.20 2.0
A8P −0.26 −0.57 −0.01 0.09 −0.12 −0.10 −0.11 −0.07 0.02 12.0

A10P −0.22 −0.54 0.05 0.20 −0.08 −0.03 −0.08 0.00 0.06 13.7
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Table A2. Cont.

Site Piezometer

Groundwater Table [m]
Groundwater

Table
Change [m]

Distance
from the
Ditch [m]

Min Max Mean Median

Before After Before After Before After Before After

M
id

tf
je

llm
ås

an

M6P * −0.54 −0.52 0.05 0.13 −0.29 −0.28 −0.28 −0.29 0.01 150.0
M1P −0.23 −0.21 −0.01 −0.01 −0.15 −0.11 −0.15 −0.11 0.04 9.6
M2P −0.23 −0.22 0.02 −0.03 −0.12 −0.13 −0.12 −0.13 −0.01 19.9
M3P −0.23 −0.19 0.02 0.06 −0.13 −0.11 −0.13 −0.10 0.02 11.2
M4P −0.53 −0.24 −0.11 0.02 −0.23 −0.07 −0.20 −0.06 0.17 4.9
M5P −0.38 −0.29 −0.08 0.03 −0.20 −0.10 −0.20 −0.10 0.10 4.6
M7P −0.47 −0.40 −0.10 0.04 −0.31 −0.20 −0.31 −0.20 0.11 10.4
M8P −0.22 −0.27 0.05 0.12 −0.11 −0.08 −0.11 −0.08 0.03 15.6
M9P −0.55 −0.54 0.03 0.02 −0.38 −0.34 −0.38 −0.33 0.04 3.2
M10P −0.43 −0.40 −0.01 0.02 −0.31 −0.16 −0.31 −0.17 0.15 3.0
M11P −0.44 −0.43 −0.15 0.02 −0.32 −0.23 −0.31 −0.21 0.08 8.0
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