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Abstract

Managing overland flow (OF) is essential in steep high-rainfall regions. A key strategy is
to increase ground cover either naturally or through management. In Japanese cypress
plantations, low ground cover increases OF and flood risks during intense rainfall. We
analyzed OF and soil water content (SWC) in three plots of a Japanese cypress plantation
under clear-cutting, 40% thinning, and control conditions over one year (2022-2023). The
SWC remained consistently higher in the clear-cut plot than in the thinned and control
plots. In contrast, the OF rate was greatest in the control plot (1.97%), intermediate in
the thinned plot (1.03%), and lowest in the clear-cut plot (0.58%) with 5, 5, and 35%
ground cover, respectively. Event-based analyses showed that in the clear-cut plot, OF
was correlated with total rainfall (r = 0.597, p = 0.003), suggesting a tendency toward
subsurface flow. Conversely, in the control plot, OF was correlated with 60 min of maximum
rainfall (r = 0.90, p < 0.001), indicating Hortonian flow. No significant relationships were
observed in the thinned plot, likely because of response variability. Our findings imply that
ground cover dynamics following management regulate OF, emphasizing the importance
of continued monitoring.

Keywords: antecedent soil moisture; forest hydrology; Hortonian infiltration-excess;
rainfall-runoff processes; surface runoff processes

1. Introduction

Hydrological processes in forested landscapes often undergo substantial changes
following natural or anthropogenic disturbances [1]. Such disturbances can strongly affect
rainfall-runoff relationships, particularly by enhancing overland flow (OF). OF refers to
the downslope movement of excess rainwater across the land surface once the infiltra-
tion capacity of the soil is exceeded, or the soil profile becomes saturated. For example,
in the subalpine coniferous forests of Italy, Koyanagi et al. [2] reported that large-scale
windthrow events enhanced OF, underscoring the importance of preventive measures.
Similarly, Sadeghi et al. [3] showed that forest degradation in northern Iran contributes
to elevated OF generation. In northwestern Ethiopia, Tamer et al. [4] emphasized that
widespread deforestation and subsequent conversion to rain-fed agriculture make water-
sheds particularly vulnerable to OF, highlighting the urgent need for effective management.
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These studies have highlighted that disturbances in forest ecosystems, whether natural or
anthropogenic, can fundamentally alter hydrological processes, leading to OF increases.

In Japan, flooding is often linked to dense monoculture plantations of the Japanese
cypress (Chamaecyparis obtusa Siebold et Zucc.), which is typically characterized by low
ground cover [5]. Since the early 2000s, numerous studies have investigated the influence
of forest management on OF in these plantations [6-9]. Thinning, generally involving the
removal of 25-35% of trees per hectare, has been the most widely applied practice [10]. For
example, Farahnak et al. [11] demonstrated that 40% thinning combined with contour-felled
logs effectively reduced OF, whereas Kuraji et al. [12] reported that such treatments low-
ered peak runoff compared with a grassland control plot. Although clear-cutting has been
considered a management option, it is typically avoided in Japan because of the high risk of
landslides on steep terrain. Historical evidence from the Shirasaka Experimental Watershed
in Aichi Prefecture, Central Japan, shows that intensive logging in the late 19th century dra-
matically increased sediment transport and downstream flood risks, with recovery taking
over 60 years [13]. Despite these insights, no study has directly compared the hydrological
responses of clear-cut, thinned, and untreated stands in Japanese cypress plantations.

Vegetation cover is widely recognized as a key regulator of soil hydrological pro-
cesses and OF generation. For instance, in the United Kingdom, woodland soils show
higher infiltration than pasture soils, whereas rough vegetation slows OF, highlighting
the role of ground cover in flood mitigation [14]. However, in dense Japanese cypress
plantations, sparse understory vegetation often leads to localized Hortonian OF during
high-intensity storms, owing to interception and stemflow inputs [15]. Clear-cut areas
lacking canopy interception are more prone to saturation-excess OF once the soil storage
capacity is exceeded [16]. Thinned stands represent an intermediate condition, where
reduced canopy density enhances infiltration and promotes ground cover development.
However, compacted soil or limited infiltration zones may still generate Hortonian flow,
while saturation-excess flow can occur during prolonged or intense rainfall [7]. Yet most of
these insights come from separate case studies at different sites and rainfall conditions, and
few investigations have directly compared clear-cut, thinned, and untreated cypress stands
in the same environmental setting.

In a previous study, we found that thinning significantly reduced OF and that the
effect persisted for at least three years after treatment in a Japanese cypress stand [11].
In the present study, we returned to the same site ~4 years after the treatment to further
examine the development of hydrological conditions. Unlike our previous study, the focus
here was not on pre- and post-thinning changes, but on the simultaneous monitoring
and comparison of OF generation mechanisms under three distinct forest management
conditions, clear-cutting, 40% thinning, and no intervention, under the same rainfall regime.
Because clear-cut, thinned, and unmanaged stands are typically studied at different sites,
it is difficult to attribute their hydrological differences solely to their management. Our
design eliminates this limitation by examining three conditions under identical rainfall
and soil environments with unified monitoring. This design enables a direct evaluation
of how forest management influences OF generation, while minimizing differences in
rainfall characteristics and site conditions. We hypothesized that differences in forest
management would produce distinct OF responses when exposed to the same rainfall
patterns. Specifically, we expected that (i) the clear-cut plot, with the greatest ground-cover
recovery, would generate the least OF; (ii) the 40% thinned plot would show intermediate
OF; and (iii) the unmanaged control plot, characterized by sparse ground cover and lower
soil water content, would generate the highest OF.
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2. Materials and Methods
2.1. Study Site

This study was conducted in a Japanese cypress (Chamaecyparis obtusa Siebold et Zucc.)
plantation catchment area (1.45 ha) in the northern part of Toyota City, Aichi Prefecture,
Japan (35°16’ N, 137°15’ E; 585 m a.s.l.) (Figure 1a,b). The plantation was established in
1991, making the stand 32 years old at the beginning of the monitoring period (November
2022-2023). According to the Toyota City Forest Inventory records, the stand density in the
study area is ~2100 trees ha~! [17]. The site has a warm temperate, fully humid climate
with hot summers (Cfa) according to the Képpen—Geiger classification [18]. During 1991
to 2020, mean annual precipitation was 1470.4 mm and mean air temperature 15.3 °C [19].
Rainfall occurs throughout the year, with the rainy season typically from May to June
and the typhoon season between September and October. During winter (January to
early February), air temperatures often fall below 5 °C, and precipitation is relatively low,
48.0 mm in January and 61.2 mm in February, often occurring as light rain or snow. Mean
monthly temperatures during this period range from 3.6 to 4.5 °C [19].
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Figure 1. Map of the study site (a,b) and plots (c) in a Japanese cypress forest plantation in Toyota
City, Aichi Prefecture, Japan.

2.2. Slope Soil Properties

The geology of the study area consists of Mesozoic Late Cretaceous granite bedrock [20].
The soil is classified as brown forest soil [21], equivalent to Cambisol [22]. On 6 August
(2025), five disturbed soil samples were collected from a depth of 010 cm for the laboratory
analysis of soil texture and organic matter. Soil texture, determined using the hydrometer
method, was classified as sandy clay loam (coarse sand, 40.74%; fine sand, 31.52%; silt,
9.14%; clay, 18.60%). Soil organic matter, measured using the loss-on-ignition method, had
a mean of 8.16%, with a standard deviation (SD) of 1.30 and a range of 6.77-9.75%. On
the same date, 15 intact soil samples were collected from a depth of 0-10 cm using a steel
cylinder (100 cm?®) to measure saturated hydraulic conductivity. Falling head measurements
yielded a mean, SD, and range of 372.35, 404.24, and 27.55-1289.47 mm h1, respectively.
The litter layer was <1 cm thick, and the root mat was ~3 cm thick [23]. Both the biomat
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and soil surface become strongly water-repellent during rain-free summer periods [23].
On 2 September 2025, a mini-disk infiltrometer experiment was conducted at six locations
to estimate the unsaturated hydraulic conductivity of the soil surface. This experiment
followed a prolonged rain-free period (15 August-2 September), during which daily maxi-
mum air temperatures ranged from 30.5 to 35.2 °C. Measurements were conducted using a
tension mini-disk infiltrometer (Decagon Devices, Inc., Pullman, WA, USA) at a suction of
—1 cm. The mean unsaturated hydraulic conductivity, SD, and range were 3.59, 4.90, and
0-13.11 mm h~!, respectively.

2.3. Study Plots

Three study plots (4 m wide x 10 m long) (Figures 1c and 2) were established on
plantation slopes within the catchment, situated on both the northwest- and north-facing
aspects (Figure 1c; Table 1). Plot 1 was clear-cut in early 2019 with all trees removed
(31.1 m?). Plot 2 underwent 40% thinning (based on tree density per hectare) at the same
time as Plot 1, and felled logs were placed on the slope to reduce OF and soil erosion
(30.8 m?). Plot 3 served as the untreated control and received no management intervention
since the monitoring began (32.1 m?).

Plot 1 (clear-cut) Plot 2 (40 % thinning ) Plot 3 (control)

nA

Figure 2. Plot conditions in September 2025. While photographs from 2023 are unavailable, under-
story conditions did not change substantially between 2023 (study year) and 2025.

Table 1. General statistics of the study plots in 2023.

Plot Area  Tree Density Understory Cover Slope Degree Tree Height DBH

1

Plot No. Treatment (m2) (Tree ha-1) (%) (Face) (m) (cm)
1 Clear-cut 311 0 35.0 32° (NE) 0 0
2 40% thinning 30.8 649 5.0 37° (NW) 13.7 17.2
3 Control 321 974 5.0 37° (NW) 14.3 21.8

Note: 1. Treatment was conducted in early 2019. DBH: diameter at breast height.

The understory vegetation conditions in 2023 varied substantially among the
plots (Figure 2). Plot 1 had the most abundant understory because of greater light avail-
ability, with 35% ground cover consisting of diverse species such as evergreen shrubs
(Eurya japonica), deciduous shrubs (Hydrangea hirta, Rhododendron kaempferi), and ferns.
Plot 2 had a sparse understory (5% ground cover) dominated by shade-tolerant species,
including E. japonica and Chengiopanax sciadophylloides. Plot 3 also had very limited un-
derstory (5% ground cover), primarily composed of shade-tolerant evergreen species,
particularly E. japonica.
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2.4. Measurements
2.4.1. Overland Flow and Rainfall

All three plots were bordered with plastic sheets inserted 10 cm into the ground to
isolate OF. The flow generated within each plot was collected using a gutter installed along
the lower boundary and directed towards a tipping-bucket rain gauge (Uizin UIZ-TB200;
Uizin Co., Ltd., Tokyo, Japan; 200 mm per tip; Figure 2). An additional plastic sheet was
installed above the gutter to prevent direct rainfall from entering it.

Rainfall was measured at a weather station located ~500 m from the plots (Figure 1c)
using a tipping-bucket rain gauge (OW-34-BP, Ota Keiki Seisakusho Co., Ltd., Tokyo, Japan,
0.1 mm per tip). Although minor spatial variations in rainfall may exist over this distance,
the stations and plots experienced the same rainfall events. Therefore, the recorded data
were considered representative of all plots. A rain event was defined as a period separated
by at least six consecutive dry hours with a total rainfall of at least 10.9 mm, corresponding
to the smallest rainfall that generated OF in all three plots during the study period. Tipping
times for both OF and rainfall were recorded with identical data loggers (Onset HOBO
Pendant® Event Data Logger UA-003-64, Onset Computer Corporation, Bourne, MA, USA).
Due to a data logger malfunction caused by low temperatures, OF data were not recorded
between 7 December 2022 and 5 April 2023, a period that typically experiences little rainfall.

2.4.2. Soil Water Content

A capacitive soil moisture sensor (ECH20 EC-5; METER Environment, formerly
Decagon Devices, Inc., Pullman, WA, USA) was installed horizontally at a depth of 0-10 cm
at the lower end of each plot (three sensors in total) immediately upslope of the OF gutter.
Although only one sensor was installed per plot, this location was deliberately chosen
because it represented the point at which changes in soil moisture were most directly
connected to initiation of OF at the plot outlet. To avoid the influence of direct rainfall, each
sensor was placed beneath the plastic roof (Figure 2) to ensure that the observed increases
in soil moisture reflected subsurface wetting rather than direct rainfall. It should be noted
that SWC at this point reflects local near-surface wetting and does not necessarily indicate
plot-scale saturation or predict the magnitude of OF. Soil moisture was recorded every
30 min using CR10X data loggers (Campbell Scientific, Logan, UT, USA) and converted
to volumetric soil water content (m® m—3). Between June and August 2023, the CR10X
logger for Plots 2 and 3 malfunctioned, leading to a loss of soil water content (SWC) data
for this period. Although this missing period reduced the number of events with available
SWC data, the overall dataset was sufficient to examine the main patterns and relationships
discussed here.

2.5. Statistical Analyses

Only OF events that occurred in all three study plots were included in the analyses
to enable event-based comparisons. Events with missing OF or SWC data were also
excluded. The relationships among OF, rainfall, and soil characteristics were examined
using Pearson’s correlation coefficient (r) to identify the factors influencing OF generation
in each plot. The rainfall characteristics considered were total rainfall, rainfall duration,
average rainfall intensity, and 10-, 30-, and 60-min maximum rainfall. The initial SWC was
defined as that measured one hour before the onset of rainfall, representing the antecedent
soil moisture conditions. The peak SWC was defined as the maximum recorded SWC
during each event, indicating the degree of soil saturation. These soil characteristics were
extracted and analyzed for each rainfall-OF event to clarify the role of soil moisture in
runoff generation. All statistical analyses were performed using R software (version 3.4.2;
R Development Core Team, Vienna, Austria).
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3. Results
3.1. Rainfall-Overland Flow Events

A total of 22 rainfall-OF events were identified and analyzed to evaluate OF generation
across the three study plots (Table 2). The cumulative rainfall during these events was
1111.3 mm, with individual events ranging from 10.9 mm (events 11 and 13) to 215.2 mm
(event 6). During the study period, the total recorded OF was 6.46 mm in Plot 1, 11.45 mm in
Plot 2, and 21.88 mm in Plot 3. These results indicate that the control plot (Plot 3) produced
the highest OF, the clear-cut plot (Plot 1) produced the lowest OF, and the thinned plot
(Plot 2) produced intermediate responses (Table 2).

Table 2. Rainfall-OF events in the study plots during the study period.

Rain Amount  Rain Duration Rain Intensity OF Plot 1 OF Plot 2 OF Plot 3

Events
mm h mm h-1 mm mm mm
1 15.80 12.52 1.26 0.15 0.27 0.17
2 31.60 15.97 1.98 0.32 0.79 0.80
3 62.80 39.86 1.58 0.73 1.22 1.96
4 65.10 21.54 3.02 0.04 0.07 0.05
5 174.10 32.97 5.28 0.21 0.03 0.19
6 215.20 29.37 7.33 1.16 1.68 2.75
7 53.70 15.13 3.55 0.64 0.75 1.74
8 54.90 47.51 1.16 0.35 0.47 0.90
9 28.60 16.46 1.74 0.26 0.22 1.09
10 49.60 20.32 2.44 0.33 0.56 0.95
11 10.90 6.23 1.75 0.06 0.23 0.08
12 35.90 35.27 1.02 0.06 0.56 0.17
13 10.90 5.93 1.84 0.28 0.15 0.69
14 22.90 9.05 2.53 0.44 0.88 1.13
15 11.40 147 7.78 0.04 0.08 0.27
16 40.10 7.21 5.56 0.27 0.53 1.50
17 40.00 11.40 3.51 0.15 0.33 3.20
18 40.40 12.89 3.14 0.06 0.11 0.37
19 28.80 20.01 1.44 0.01 0.04 0.22
20 49.90 16.48 3.03 0.49 1.60 1.72
21 40.80 20.05 2.03 0.08 0.25 0.69
22 27.90 15.61 1.79 0.34 0.64 1.21
Total rain 1111.30 Total OF 6.46 11.45 21.88
OF rate (%) 0.58 1.03 1.97

Note: OF denotes overland flow, and digits indicate the plot number. The OF rate (%) was calculated as (total
OF/total rain) x 100.

The event that produced the highest total OF occurred between 1-3 June 2023 (event
6). This storm delivered 215.2 mm of rainfall over 29.4 h, with an average intensity of
7.3 mm h~!. Among the plots, Plot 3 recorded the largest OF (2.75 mm), followed by Plot
2 (1.68 mm) and Plot 1 (1.16 mm), yielding a combined total of 5.59 mm (Table 2). The
highest OF observed in a single plot occurred during event 17 (1 October 2023), when Plot
3 produced 3.20 mm under 40.0 mm of rainfall with an average intensity of 3.51 mm h~!
(Table 2). The OF in Plots 1 and 2 during event 17 was minimal (0.15 and 0.33 mm,
respectively), highlighting localized differences in OF generation. In contrast, the lowest
OF was observed during 29-30 April 2023 (event 4), which produced 65.1 mm of rainfall
over 21.5 h with an average intensity of 3.0 mm h~!. The OF was negligible across all
plots: 0.04, 0.07, and 0.05 mm in Plots 1, 2, and 3, respectively, for a combined total of only
0.16 mm (Table 2).

3.2. Overview of Rainfall, Overland Flow, and Soil Water Content

Throughout the observation period, distinct differences in SWC and OF dynamics were
evident among the three plots (Figure 3). Plot 1 consistently showed a larger SWC, with
sharp peaks during rainfall events that quickly returned to the baseline, while producing
the lowest OF volumes. This pattern indicated a greater infiltration capacity and reduced
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OF generation (Figure 3). Another noteworthy point is that more SWC peaks were observed
in Plot 1, where the sensor responded to nearly every rainfall event, indicating a higher
soil moisture than in the other plots. In contrast, Plots 2 and 3 both maintained a lower
SWC than Plot 1, with more gradual declines after peak values. Plot 2 generally had a
lower SWC than Plot 3 and showed muted responses to rainfall fluctuations, whereas
Plot 3 exhibited greater SWC variability and generated the most frequent and highest OF,
reflecting restricted infiltration under a dense canopy (Figure 3). Overall, Plot 2 exhibited an
intermediate pattern, with moderate OF generation and weaker SWC responses to rainfall
compared to Plots 1 and 3.

All data is in 30-minute intervals.
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Figure 3. General trends of rainfall, overland flow, and soil water content across the three study
plots from November 2022 to November 2023. The upper panel shows rainfall (a), while the lower
panels show soil water content (blue lines) and overland flow (black bars) for Plot 1 (b), Plot 2 (c),
and Plot 3 (d).

3.3. Mechanism of Overland Flow Generation
Correlation Between Overland Flow and Event Characteristics

In Plot 1, total rainfall showed a strong and significantly positive correlation with total
OF (r = 0.60, p = 0.003), indicating that rainfall volume was the primary factor controlling
OF generation (Table 3). Peak SWC had a moderate positive correlation with OF (r = 0.42,
p = 0.05), suggesting that OF occurred as subsurface flow rather than under infiltration-
excess (Hortonian) conditions (Table 3). In Plot 2, no rainfall or SWC variables were
significantly correlated with OF (Table 3). These weak and inconsistent relationships
indicate that OF generation was spatially heterogeneous and not dominated by a single
rainfall or soil moisture factor (Table 3). Conversely, in Plot 3, short-term maximum rainfall
exerted the strongest influence on OF (Table 3). The 10-, 30-, and 60-min maximum rainfall
all showed significantly positive correlations with total OF (r = 0.55-0.75, p < 0.01), while
total rainfall showed only a weak, non-significant relationship (Table 3). These results
suggest that Hortonian OF occurred in Plot 3, where intense short-duration rainfall bursts
exceeded the infiltration capacity of the undisturbed forest floor (Table 3).
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Table 3. Results of Pearson’s correlation (r) analysis between total overland flow (OF) and rainfall
and soil water content (SWC) characteristics in the three plots.

Plot Predictor n r p-Value Slope Intercept Significant
Total rainfall 22 0.597 0.003 0.003 0.127 o
Rain duration 2 0.317 0.151 0.007 0.154 ns
Average rain 2 0.289 0.192 0.042 0.171 ns
intensity
10 min Max.

Plot 1 (clear-cut) il 2 0.251 0.261 0.003 0.191 ns
30 min Max. 2 0.339 0.123 0.018 0.130 ns
rainfall
60 min Max. 2 0.401 0.064 0.012 0.126 ns
rainfall
Initial SWC 2 ~0.389 0.073 ~8.196 3.260 ns
Peak SWC 2 0.418 0.053 4612 ~1.729 ns
Total rainfall 22 0.385 0.077 0.004 0.334 ns
Rain duration 22 0.268 0.227 0.011 0.316 ns
Average rain 2 0.146 0.516 0.036 0.413 ns
1nten51ty
10 min Max.

Plot 2 (40% thinning)  rainfall 2 0.230 0.304 0.004 0.357 ns
30 min Max. 22 0.267 0.230 0.025 0.298 ns
rainfall
60 min Max. 2 0.312 0.157 0.016 0.295 ns
rainfall
Initial SWC 16 ~0.090 0.739 ~3.313 1.323 ns
Peak SWC 16 0.392 0.133 4.686 ~0.851 ns
Total rainfall 22 0.329 0.134 0.006 0.704 ns
Rain duration 22 0.074 0.745 0.005 0.892 ns
Average rain 2 0.278 0.210 0.126 0.624 ns
1nten51ty
10 min Max. "~

Plot 3 (control) il 2 0.549 0.008 0.019 0.285
30 min Max. 22 0.626 0.002 0.107 0.045
rainfall
60 min Max. 2 0.750 0.000 0.072 0.010 o
rainfall
Initial SWC 16 0.123 0.651 7.093 ~0.806 ns
Peak SWC 16 0.209 0.438 3.425 ~0.056 ns

Note: OF total rainfall, and 10-, 30-, and 60 min maximum rainfall are in mm; rain duration in hours; average rain
intensity in mm h~!; and initial and peak SWCin m3 m~3. ns indicates not significant; ** p < 0.01; *** p < 0.001.

3.4. High-Amount vs. High-Intensity Rainfall Events

During event 6 (1-3 June 2023), the highest total rainfall of the study period (215.2 mm)
was recorded over 29.4 h, with an average intensity of 7.3 mm h~! (Figure 4), the second
highest during the study period. In Plot 1, SWC peaked earlier than the rainfall intensity
and then remained high and stable for several hours before and after the rainfall peak,
indicating sustained soil subsurface saturation. In Plot 2, SWC and rainfall peaks were
closely aligned, suggesting a quicker but less intense soil subsurface saturation response.
Conversely, Plot 3 displayed multiple SWC peaks during the event, reflecting the variable
soil moisture dynamics under the dense canopy. In contrast to the SWC patterns, the
cumulative OF was the lowest in Plot 1 (1.16 mm), intermediate in Plot 2 (1.68 mm), and
the highest and most prolonged in Plot 3 (2.75 mm) (Table 2 and Figure 4).

During event 15 (20 September 2023), the highest average rainfall intensity of the
study period was recorded (7.8 mm h~1), with a total of 11.4 mm over 1.5 h (Figure 5). In
Plot 1, SWC was the highest among the plots and showed a slight increase following the
rainfall peak. In contrast, SWC in Plots 2 and 3 remained largely unchanged, indicating a
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limited soil moisture response under such short-duration, high-intensity conditions. The
cumulative OF responses differed among the plots: sharp in Plot 3 (0.27 mm), intermediate
in Plot 2 (0.08 mm), and lowest in Plot 1 (0.04 mm) (Figure 5).
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Figure 4. Rainfall, soil water content (SWC), and overland flow (OF) dynamics during event 6.
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Figure 5. Rainfall, soil water content (SWC), and overland flow (OF) dynamics during event 15.

4. Discussion

OF was the greatest in Plot 3, where OF generation was primarily driven by short-term
maximum rainfall intensities, particularly the 10-, 30-, and 60-min peak rainfall intervals.
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In the managed plots, especially Plot 1, OF generation was more strongly related to the
total rainfall amount, and the absence of a measurable time lag between rainfall and OF
peaks suggests that flow occurred mainly as rapid subsurface flow rather than as surface
saturation excess. In Plot 2, OF generation appeared to be influenced by a combination of
factors, indicating a more complex and transitional hydrological response. These findings
are consistent with our hypothesis that OF was lowest in Plot 1 with higher ground cover,
intermediate in Plot 2, and highest in Plot 3 with sparse cover.

Pre- and post-thinning monitoring by Farahnak et al. [11] showed that thinning with
felled logs reduced OF for up to three years relative to the untreated control in a similar
cypress plantation. Here, we found that clear-cutting, which increased ground cover by 35%
within four years, produced lower OF than 40% thinning, where ground cover remained
sparse (5%). These results highlight the critical role of ground cover in mitigating OF and
enhancing infiltration [16]. Comparable effects have been reported elsewhere, such as in
Mediterranean vineyards, where straw mulch reduced surface runoff [24], and in cypress
plantations in Mie Prefecture, Japan, where dense understory ferns (>85% cover) delayed
and reduced OF compared to sparse understory conditions (<10%) [25]. Collectively, these
studies reinforce the notion that increased ground or understory cover, whether managed
or natural, strongly regulates OF generation.

Mechanistically, OF in Plot 3 was consistent with Hortonian processes. Under the
dense canopy, short bursts of rainfall were concentrated as throughfall and stemflow,
rapidly encountering a water-repellent surface layer that suppressed infiltration and trig-
gered OF [26]. In contrast, Plot 1 showed subsurface flow indicating that rainfall was more
evenly distributed across the surface, and increased ground cover enhanced infiltration un-
til the soil neared saturation, where subsurface flow occurred. Plot 2 showed intermediate
responses, as the canopy opening increased throughfall, while felled logs added roughness
and disrupted shallow flow paths, reducing direct delivery downslope [7].

Previous work has also highlighted the influence of forest floor litter and root mats
in facilitating rapid near-surface “biomat flow” during intense rainfall [27-31]. At our
site, both Plots 2 and 3 contained root mats ~3 cm thick [23]. The strongest Hortonian
OF occurred in Plot 3 during event 17 after 20 rain-free days when soil repellency likely
suppressed infiltration [23]. Moreover, the average rainfall intensity during this event
(3.5 mm h7!) was very close to the measured unsaturated hydraulic conductivity of
the soil (3.59 mm h~!), and together with the elevated soil water repellency, infiltration
capacity was likely reduced, resulting in Hortonian OF generation in the control plot [32].
Conversely, clear-cutting often reduces fine root density [33], which explains the shift
toward subsurface flow and a larger infiltration response in clear-cut plots.

Case studies of events 6 and 15 further illustrate these contrasts, representing the
largest total rainfall and highest rainfall intensity observed during the monitoring period,
respectively. In event 6, Plot 1 generated OF at the SWC peak preceding the rainfall peak,
consistent with subsurface flow responses, whereas Plot 3 showed OF before the SWC
increased, indicating Hortonian flow. At event 15, Plot 1 showed only minimal OF despite a
clear increase in SWC, whereas Plot 3 produced the highest OF. Plot 2 consistently showed
intermediate behavior, with muted SWC responses but with runoff amounts between Plots
1 and 3. These examples demonstrate a gradient from the subsurface saturation control
OF in Plot 1 with high ground cover through mixed responses in Plot 2 to intensity-driven
Hortonian flow in Plot 3 (Figure 6), findings consistent with Miyata et al. [34].



Water 2025, 17, 3385

11 of 14

Plot 1 Plot 2 Plot 3
Clear-cut 40 % thinned Control plot
Understory cover %: 35% 5% Upslope 59,
™
‘..O.: @ .¢. @ .1
i Pe® 0! o |*e®
Above view s 8L 5. -
i @) l
*s S Ve o 1
I \ Downslope
1. Subsurface flow 2. Hortonian overland flow

. Upslope

o™

\*
©

" 5 A/ :
D | ; :
ownslope
o [ ]
/\% °\ /C\“\ ./

®Groundcover% @ Tree X Felled-logs * Infiltration

Saturation zones O Stump | Qverland flow ® Soil moisture sensor

Side view

Figure 6. Schematic illustration of soil-moisture dynamics and overland-flow mechanisms under
different management treatments.

Although clear-cutting reduced OF in our study by enhancing ground cover, its
broader application should be considered carefully, because site-specific factors such as
slope and root dynamics may influence long-term stability [35]. In the humid climate of
Japan, it is likely that partial or small-scale clear-cutting can be hydrologically safe when
implemented on gentle slopes with sufficient sunlight (e.g., south-southeast-facing slopes),
where post-harvest vegetation tends to recover quickly. In contrast, large-scale clear-cutting
on steep slopes should be avoided because the risk of slope failure may increase following
stump-root decay over time.

However, this study was conducted using small experimental plots (4 m wide X
10 m long), and the design allowed for the precise monitoring of rainfall, OF, and SWC
under controlled conditions. As such, the results primarily clarify the mechanisms of OF
generation under different forest management treatments, rather than their quantitative
effects at the slope or catchment scales. Future research should extend these observations
to larger plots or catchment-level studies to assess spatial variability and evaluate how
these mechanisms influence total runoff and sediment yield at broader scales.

5. Conclusions

We examined OF generation under clear-cut, 40% thinning, and control conditions
in a Japanese cypress plantation. OF, SWC, and rainfall were monitored over 1 year to
clarify treatment differences. The control plot (Plot 3), with limited ground cover (5%)
and low SWC, produced the highest OF, consistent with intensity-driven Hortonian OF.
In contrast, the clear-cut plot (Plot 1), with higher ground cover (35%) and higher SWC,
produced the lowest OF, consistent with subsurface flow and larger infiltration responses.
The 40% thinned plot (Plot 2) showed OF amounts between the clear-cut and control plots.
The presence of contour-felled logs likely helped disperse shallow lateral flow and reduce
concentrated OF, contributing to the reduced OF compared with the control plot. Overall,
our findings highlight the importance of forest management in enhancing ground cover
and reducing susceptibility to Hortonian flows in Japanese cypress plantations. However,
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the implications of clear-cutting should be interpreted with caution. Our findings show
that different management methods lead to different types of OF, and that forest cover and
ground surface conditions are key factors.
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