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ABSTRACT:

In this study, we conducted observations on trees, snowdrifts, and meteorological ele-

ments related blowing snow using a shelterbelt composed of evergreen conifers to investigate the de-
sign methodology of living snow fences in a severe snowstorm. Based on the results, we created the
average distribution of leaf area density on the survey lines and organized the relationship between the
shelterbelt and the meteorological data in a snowstorm.
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1. INTRODUCTION

In recent years, the cold snowy regions of Japan
have occasionally seen more incidents of vehi-
cles being stuck in snow and road closures due
to severe snowstorms caused by rapidly devel-
oped low-pressure systems and convergence
zones. Living Snow Fences (hereinafter: "LSFs")
have been installed along roadsides to mitigate
blowing snow since 1976 in Hokkaido, northern
part of Japan, which reduce road traffic problems
such as snowdrifts and poor visibility (CERI,
2011). The extent of LSFs in Hokkaido totaled ap-
proximately 100 km as of 2020 (Sakurai et al.,
2023). According to “The Highway Snowstorm
Countermeasure Manual’, the standard width of
an LSF along the national highways is classified
into three types; 10 m, 20 m, and 30 m, where the
maximum volume of snow settled at snowdrifts is
20 m® m! or greater referring to previous experi-
ences in Japan (CERI, 2011). However, there is
no established design methodology based on the
performance requirements for LSFs considering
severe snowstorm events in Japan. Therefore,
we conducted observations on trees, snowdrifts,
and meteorological elements related blowing
snow to investigate the design methodology of
LSFs.

2. OBSERVATION METHODS

2.1 Study site

The study site was the Ishikari blowing snow test
field of the Civil Engineering Research Institute
for Cold Region, which is located in southwest
Hokkaido in the northern part of Japan (N43°12’,
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E141°23’). The prevailing wind direction during
blowing snow in the field was WNW. We carried
out observation on trees, snowdrifts, and meteor-
ological elements related blowing snow to inves-
tigate the design methodology, using a linear
shelterbelt of approximately 80 m long and 15-30
m wide consisting mainly of Pinaceae, located
north to south in the field. Here, there set three
survey lines (in the W-E direction) orthogonal to
the shelterbelt (see Figure 1).

2.2 Tree observation

We conducted the tree observation to find out the
structure and leaf area of the shelterbelt using a
drone with LIDAR and a camera (DJI
Matricce300RTK and ZemuselL1). We acquired
point cloud data and images (approximately 80 m
long and wide) on Dec. 2nd, 2022 (the early win-
ter of 2022/23). The LIDAR measurements were
performed under three angle conditions: vertical
downward (0°), oblique (45°), and lateral (60°) us-
ing iterative and non-iterative scanning as shown
in Figure 1. Using raw scan data, point cloud data
(8D XYZ data) in LAS format was created by the
software (DJI Terra). The LAS data including pre-
cipitation particles was manually cleaned up us-
ing point cloud editing software (CloudCompare).
Using the camera images of a wrap rate of 80 %,
an ortho-image (GeoTIFF) of the observation
area was created by the method of Structure-
from-Motion/Multi-View-Stereo (SfM-MVS).

At three survey lines before the winter as shown
in Figure 1, ground-level surveys were firstly con-
ducted using automatic level and total station.
Next, tree surveys were conducted by the belt
transect method (width = 10 m) to acquire tree
height, diameter at breast height, the crown width,
and the height of the crown base (see Figure 2,
Figure 3, and Figure 4). In addition, the survey
getting leaf area index (m? m=2) (hereinafter:
"LAI") was conducted by a plant canopy analyzer
(LI-COR LAI-2000, hereinafter: "PCA"), and a
fisheye camera (Nikon D600, and SIGMA 8mm
F3.5 EX DG Circular Fisheye). Images taken by



the fisheye camera were analyzed using the soft-
ware of LIA32 (Yamamoto, 2008), and Gap Light

Analyzer (Simon Fraser University, 1999) (see

Figure 2 and Figure 4).
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2.3 Snowdrift observation

LIDAR measurements were also conducted in
mid-winter of 2022/23 on Jan. 27th, 2023 to deter-
mine the blowdown geometry of the study site,
similar to the method as shown in 2.2. In addition,
snowdrift surveys were conducted at the three
survey lines during the snow season using snow
probes with measurement scales (see Figure 1).

2.4 Meteorological observation

Meteorological observations were conducted dur-
ing the 2022/23 winter. Measurement elements
were these three; the mass flux of blowing snow
using snow particle counters (SPC-95), wind ve-
locity and direction using propeller-vane ane-
mometers (KDC-S04), and visibility in blowing
snow using transmissometers (PWD12). Each
sensor was set at 1 windward side point and 3
leeward side points of the shelterbelt at a height
of 1.8 m. Measurement intervals were 1 minute
(wind velocity and direction, and visibility) and 1
second (mass flux of blowing snow). These data
were organized as 10-minute statistics. In addi-
tion, Snow depth was measured every 10 minutes
at the windward side point using a laser snow
depth sensor (KDC-S18-L-10R) to grasp the dis-
tance between 1.8 m height of the each sensor
and snow surface (see Figure 1). In addition, air
temperature was measured using a platinum re-
sistance thermometer, and snowfall intensity (mm
h1) was measured using a Double Fence Inter-
comparison Reference (DFIR: Goodison et al.,

1998) in the test field. These data were organized
as 10-minute statistics.

3. OBSERVATION RESULTS

3.1 Tree observation

First, we indicated the result of LIDAR measure-
ments (e.g., Figure 5). It was not possible to ob-
tain the structure of the interior of the shelterbelt
under each measurement condition due to the
high density of leaves and branches at the obser-
vation site. In this study, the internal structure of
the shelterbelt (leaves, branches, trunks, etc.)
could be determined by combining the measure-
ment profiles taken under the conditions of verti-
cal downward (0°), oblique (45°), and lateral (60°).
As an example, a cross-section of point cloud
data on survey line No.1 is shown in Figure 6.
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Figure 5: Aerial view of the study site looking
southwest using point cloud data and
camera data on Dec. 2nd, 2022.

Vertical downward (0° ), Iterative scanning

Vertical downward (0° ), Non-iterative scanning

Oblique (45° ), Non-iterative scanning

lateral (60° ), Non-iterative scanning

Coupling scanning data

Figure 6: Cross section of point cloud data on the survey line No.1



Next, Table 1 shows the results of tree surveys
and the LAl measured data by several methods
for three survey lines. The characteristics of each
survey line based on Table 1 are shown below.

No.1: The number of trees is the largest and the
average height of the crown base (the height of
the withered lower branches) is the highest in the
three survey lines. The shelterbelt width and LAD
are similar to No.3 and larger than No.2.

No.2: The shelterbelt width and LAD are the
smallest of the three survey lines. The number of
trees is similar to No.3. The average height of the
withered lower branches is in between No.1 and
No.3.

No.3: The average height of the withered lower
branches is the smallest of the three survey lines.

3.2 Snowdrift observation

We obtained the data of the snowdrifts around the
shelterbelt based on the different measurement
profiles between before winter and mid-winter
(Figure 7).

3.3 Meteorological observation

First, about the meteorological observation data
of the windward side of the shelterbelt, the wind
direction was classified as orthogonal (£67.5 to
90°), oblique (x22.5 to +67.5°), and parallel (0 to
+22.5°) to the shelterbelt. From the orthogonal
data, the data of wind speeds of 5 m s! and visi-
bility of less than 100 m were extracted. Next, to

understand the effect of the shelterbelt in a snow-
storm, we selected data from three points on the
downwind side at the same time as the extracted
data. Using the selected data and the extracted
data, the ratio of meteorological elements was or-
ganized, which were on the leeward side of the
survey line No.1-3 to the windward side of the
shelterbelt (see Figure 1).

Figure 8 shows box-and-whisker plots of wind
speed and logarithm visibility ratios (Takechi et al.,
2009) for three survey lines in the orthogonal wind
direction during the observation period, with the
upper and lower limits set at 1.5 times the inter-
quartile range. The wind speed ratios were all
less than 1.0, and this indicates that the wind
speed was lower on the leeward side of the shel-
terbelt than on the windward side. The smallest
wind speed ratio was No.3, followed by No.1 and
No.2. In addition, a one-way analysis of variance
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Figure 7: Snowdrift heights around the shelter-
belt in mid-winter on Jan. 27, 2023.

Table 1: Results of tree survey based on the belt transect method and several LAl measurements
for survey lines No. 1-3 (TH, tree heights; BH, diameter at breast height; CW, crown width;

HCB, height of crown base)

Survey Width of the ~ Number Ave. Mdn. LAI Ave. Ave.
Line No. shelterbelt of trees TH DBH PCA LIA32 GLA CW HCB
1 19m 34 9.8m 14.3cm 2.95 1.50 1.75 1.67m 4.02m
2 11m 15 10.4m 15.9cm 2.30 1.35 1.68 1.87m 3.37m
3 19m 16 10.8m 18.9cm 2.91 1.77 2.84 2.18m 3.52m
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Figure 8: The ratio of meteorological elements on the leeward side on the survey line No.1-3 to the
windward side of the shelterbelt, using the orthogonal wind direction, wind speeds of 5 m s
and visibility of less than 100 m data during the observation period from Dec.10t™, 2022 to
Mar. 10t, 2023: left, wind speed; right, logarithm of visibility.



revealed significant differences among the lines
(P < 0.01). Next, The 25% tile value of the loga-
rithm visibility ratio exceeded 1.35 for all lines,
and the median value was the highest in No.3.
This indicates that the shelterbelt reduces blow-
ing snow from the windward side, resulting in
greater visibility on the leeward side. A one-way
analysis of variance revealed significant differ-
ences among the lines (P < 0.01).

4. ANALYSIS

4.1 Setting leaf area density using point
cloud data obtained by a drone with Li-
DAR

The Voxel-based Canopy Profiling method (here-
inafter: "VCP method") has been used to calcu-
late leaf area density (m? m-?) (hereinafter: "LAD")
from point cloud data obtained by a ground-based
LIiDAR (Hosoi and Omasa, 2006, 2014). In the
VCP method, it estimates the LAD using the num-
ber of voxels containing the laser beam trajectory,
the number of voxels containing the point where
the laser beam is reflected, distribution of the leaf
inclination angle. At the time, voxels that the laser
beam has not passed through are excluded to im-
prove the estimation accuracy.

The point cloud data for the shelterbelt in this
study were measured from several angles by a
drone moving in the sky, combined to create the

(i) Coordinate transformation
of point cloud data

v

(i) Voxelization
of point cloud data

'

(iii) Consideration of
voxel sizes

y

(iv) Organizing the relationship
between the density of
tree voxels and LAD

!

(v) Estimation of the LAD
distribution by the tree
voxel density

data (see Figure 1 and Figure 6). In this case, the
VCP method could not be applied because the
trajectory of the laser beam was unknown, and
the distribution of leaf inclination angle in conifer-
dominated shelterbelt could not be measured.
We considered that there were few areas where
the laser beam did not pass through in the shel-
terbelt from coupled the scanning data (see Fig-
ure 6). Therefore, we set LAD using point cloud
data by a drone LiDAR without using the laser
beam trajectory in this study. The flow of setting
is shown in Figure 9, referring to the VCP method.
In this study, leaf area density (m? m3) (hereinaf-
ter: "LAD") was calculated by dividing LAI by the
average tree height (see Figure 3 and Table 1).

In Figure 9, (i) the Coordinate transformation of
point cloud data at 10 m width centered on the
survey line No.1 is shown in Figure 10. (ii) The
space containing the shelterbelt (e.g., in the yel-
low frame in Figure 10) was divided into voxels,
and the number of voxels containing point clouds
(hereinafter: "tree voxels") was calculated for
each 1-meter cubic grid (m) so that the internal
structure of the shelterbelt could be represented.
(iii) Oshio et al., (2013) reported that the LAD es-
timated by the VCP method depends on voxel
size. In this study, the number of tree voxels was
organized by seven different voxel sizes: 1, 5, 10,
20, 50, 100, and 200 mm. Appropriate voxel size
was investigated using the relationship between
the different voxel sizes and the number of tree

Setting the coordinates so that the x-axis is parallel to the
direction of the shelterbelt crossing.

Create a voxel model of a tree using point cloud data.
Voxels containing point clouds are called "tree voxels”.

Setting the appropriate voxel size for showing the tree density
(e.g., branches, leaves, and trunks) using the tree voxels.

A single regression equation through the zero point to obtain LAD
was created using the density of 10 mm tree voxels.

The distribution of LAD was estimated from the single regression
equation and the density of 10 mm tree voxels.

Figure 9: The flow of the setting LAD using point cloud data in this study.



voxels in a 1 m grid near the center of the shelter-
belt and a grid of the edge near the ground sur-
face. The results showed that 10 mm was the
most suitable voxel size (Figure 11).

Figure 9 shows (iv) the relationship between the
average density of tree voxels of 10 mm (number
m-3) at a 5 m radius from LAl measurement point
and LAD calculated from PCA, LIA32, and GLA in
the shelterbelt Interior (remove 5 m from the shel-
terbelt edge) is shown in Figure 12. The result
shows the correlation coefficient of LAD calcu-
lated from LIA32 and calculated from GLA were
about 0.6, which was statistically significant (P <
0.01). In this study, using the above statistically
significant data, a single regression equation
through the zero point was obtained.

LAD = 0.00014 * Dtvio (1)

Dtvio is the density of 10 mm tree voxelsina 1l m
cubic grid (number m-3).

(v) The distribution of LAD was estimated from
the equation (1) and Dtvio. As an example, the
Crossing direction of the average distribution of
LAD on the survey line No.1 (width = 10 m, see
Figure 10) is shown in Figure 13. The height from
0 m to 1 m was excluded due to the influence of
the ground surface.

4.2 Relationship between the shelterbelt and
the meteorological data in a snowstorm

To understand the relationship between the shel-
terbelt and meteorological data in a snowstorm,
we show Table 2. It shows the correlation coeffi-
cients obtained relationship between the median
value of the ratio of wind speed and logarithm vis-
ibility for lines 1-3 in the orthogonal wind direction
(see Figure 8), and items of the shelterbelt based
on the tree observation in Section 3.1 and the
analysis results in Section 4.1.

The results show that Ave. LAD all (m? m3), W
(m), Ave. TH (m), WTH (m?), and WTH_LAD (m*
m-3) have a negative correlation of about 0.7 or
more with the wind speed ratio and a positive cor-
relation of about 0.7 or more with the logarithm
visibility ratio. These indicate that wind speed was
reduced and visibility was greater on the leeward
side by the shelterbelt. In addition, the correlation
coefficient of WTH_LAD was greater than WTH.
This indicates the LAD contributed to the reduc-
tion of a snowstorm.

The height of the crown base (the height of the
withered lower branches) shows a positive corre-
lation of about 0.6 for the wind speed ratio and a
positive correlation of about 0.6 for the logarithm

Figure 10: Coordinate transformation of point
cloud data at 10 m width centered on the

survey line No.1.
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Figure 11: Relationship between the different
voxel sizes and the number of tree
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Figure 12: Relationship between the Density of
tree voxels of 10 mm and the LAD calcu-
lated from PCA, LIA32, and GLA.

visibility ratio. It indicates that the wind speed was
higher and the visibility was lower when the height
of the crown base was higher.

On the other hand, no correlation was found for
the height of 1.8 m LAD. This can be attributed
that the height and width of the shelterbelt were
not taken into account in this item.



Unit : m?m™

Survey Linel Crossing direction from windward side to leeward side (m)
o1 |2 |3 (4|56 (7|89 |10]11 (12|13 |14 (15|16 |17 |18 |19 (20 |21

16
15
14
13
12
11 0.07 | 0.23 ] 0.29 | 0.45 | 0.34 | 0.34 ( 0.06 | 0.00 | 0.18 | 0.01 | 0.03 | 0.20 | 0.30 | 0.90 | 0.43 | 0.01

TH: 10 0.00 (0.36 | 0.48 | 0.43 [ 0.61 | 0.34 | 0.33 [ 0.22 | 0.08 | 0.15 [ 0.05 | 0.19 | 0.36 | 0.21 | 0.73 | 0.79 | 0.12 | 0.00

Tree 9 0.06 (0.48 | 0.52 |1 0.40 [ 0.36 | 0.35 | 0.29 [ 0.34 | 0.17 | 0.15 [ 0.11 | 0.25 | 0.26 | 0.24 | 0.41 [ 0.69 | 0.38 | 0.03

Height 8 0.01 {0.47 | 0.42 |1 0.23 [ 0.17 | 0.25 | 0.19 [ 0.30 | 0.20 | 0.19 | 0.13 | 0.27 [ 0.17 | 0.23 | 0.18 [ 0.53 | 0.60 | 0.12 | 0.00

(m) 7 0.00 | 0.07 | 0.44 {0.31 [ 0.12 | 0.10 | 0.09 | 0.13 | 0.18 [ 0.31 [ 0.18 | 0.14 | 0.22 | 0.11 | 0.11 [ 0.09 [ 0.25 | 0.55 | 0.23 | 0.00
6 0.07 {0.42 | 0.24 1 0.13 [ 0.07 | 0.08 | 0.09 | 0.08 | 0.13 [ 0.10 | 0.12 | 0.12 [ 0.11 | 0.04 | 0.04 [ 0.11 | 0.41 | 0.56 | 0.12
5 0.0010.13 [ 0.36 [ 0.14 [ 0.08 | 0.05 | 0.06 | 0.07 | 0.08 [ 0.05 [ 0.06 | 0.08 | 0.02 | 0.02 | 0.02 [ 0.02 [ 0.04 | 0.16 | 0.44 | 0.13 | 0.00
4 0.03 (0.27 | 0.32 | 0.12 [ 0.08 | 0.04 [ 0.04 | 0.03 | 0.02 { 0.03 | 0.06 | 0.03 [ 0.02 | 0.01 | 0.01 | 0.04 | 0.04 [ 0.08 | 0.35 | 0.29 | 0.00
3 0.04 (0.28 | 0.27 | 0.12 [ 0.05 | 0.02 | 0.04 | 0.03 | 0.01 { 0.01 | 0.04 | 0.04 [ 0.01 | 0.01 | 0.02 | 0.03 | 0.02 | 0.06 | 0.27 | 0.11 | 0.00
2 0.08 (0.18 | 0.15 | 0.02 | 0.04 | 0.02 [ 0.03 | 0.01 | 0.01 {0.01 | 0.03 | 0.01 [ 0.00 | 0.01 {0.01 |0.03]0.01 [0.04]0.19|0.57 | 0.04
1 0.63 [ 0.49 | 0.24 | 0.17 [ 0.25 | 0.21 | 0.24 | 0.17 | 0.18 [ 0.19 | 0.17 | 0.20 ( 0.21 | 0.19 | 0.18 [ 0.16 | 0.15 | 0.17 [ 0.11 | 0.00
0

Figure 13: Crossing direction of the distribution of average LAD at 10 m width centered on the sur-

vey line No.1 (see Figure 10)

Table 2: The correlation coefficient relationship between the median value of the ratio of wind speed
and logarithm visibility and items of the shelterbelt.

Items of the shelterbelt Metrological data
Mdn. The ratio of
ltems Description in the survey line No.1-No.3 Wind logarithm
speed  of visibility
Ave. LAD all (m?m3)  Average of the distribution of LAD -0.96 0.97
Ave. LAD 1.8(m2 m-) Av_erage of the distribution of LAD in the 017 019
height of 1 mto 3 m
W (m) Width of the shelterbelt -0.69 0.68
Ave. TH (m) Average tree heights -0.70 0.71
Average height of crown base
Ave. BCH (m) (Average of the height of the withered 0.58 -0.60
lower branches)
Area of the survey lines
WTH (m?) W * Ave. TH (m?) -0.82 0.81
) Total leaf area of the survey lines
WTH_LAD (M M=)\ s Ave TH *Ave. LAD all (mé m?) 0.88 0.87

5. SUMMARY AND FUTURE ISSUES

In this study, we conducted observations on trees,
snowdrifts, and meteorological elements related
blowing snow using a shelterbelt composed of ev-
ergreen conifers to investigate the design meth-
odology of living snow fences in a severe snow-
storm. Tree, snowdrift, and meteorological obser-
vation were conducted on three survey lines or-
thogonal to a linear shelterbelt in a windy and
snowy area of the northern part of Japan. Based
on the results, we created the average distribution
of leaf area density on the survey lines and orga-
nized the relationship between the shelterbelt and
the meteorological data in a snowstorm.

Going forward, we will continue the field observa-
tion in the 2023/24 winter, and analyze the field
observation data for the 2022/23 and 2023/24
winters to create benchmark data for using nu-
merical simulation of blowing and drifting snow.
Based on the benchmark data, the optimal calcu-
lation conditions (boundary conditions, models,
etc.) for snowstorm simulations will be discussed.
We will also conduct numerical simulation of
blowing and drifting snow to present an optimized
configuration of living snow fences that can meet
any required performance during severe snow-
storm events.
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