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Stakeholder session of Civil Engineering Research Institute of Cold Region

Theme:
Civil Engineering Research Institute’ efforts to understand the impact of climate change on disasters and the

environment in snowy and cold regions, and adaptation measures of climate change

Outline:

Due to climate change, there are concerns about the intensification of water-related disasters such as typhoons, storm
surges, floods, and droughts, as well as the decrease in snowfall and earlier snowmelt. There are also concerns about
snow and ice disasters due to an increase in extreme snow storms and heavy snowfalls in snowy and cold regions,
and an increase in waves due to a decrease in sea ice caused by global warming. These changes will affect agricultural
production and the natural environment. This session will present and discuss the Institute's efforts and collaboration
with administrative agencies on understanding and adapting to the impacts of climate change on water hazards, snow

and ice hazards, the water cycle and the environment in snowy and cold regions.

Program

1. Explanation of stakeholder session objectives and outline of CERI

2. Presentation

(1) Overflow Breaking Test Using the World's Largest Experimental Channel, Chiyoda Experimental Channel of the
Tokachigawa River

Speaker: SHIMADA Tomonori, Senior Researcher, River Engineering Research Team

(2) Increase in the wave power due to the reduction of sea ice over the Sea of Okhotsk

Speaker: IWASAKI Shinsuke, Senior Researcher, Port and Coast Research Team

(3) Impact assessment of climate change on the blowing-snow events in Hokkaido with a large ensemble
meteorological dataset

Speaker: SUGAWARA kuniyasu, Researcher, Snow and Ice Research Team

(4) Relationship between snow cover distribution and topography/vegetation using airborne laser scanning in Japan
Speaker: YAMADA Takashi, Researcher, Watershed Environmental Engineering Research Team

(5) Fisheries environment monitoring and survey technology around artificial fish reefs and fishing ports in offshore
areas, ~effective marine resource proliferation and conservation and seaweed beds for a decarbonized society~

Speaker: YABE Hiroki, Director of Cold-Region Hydraulic and Aquatic Environment Engineering Research Group

3. Discussion and Session Summary
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Experiment on a Levee Breach from Overtopping at the World’s Largest Experimental Channel, the

Chiyoda Experimental Channel on the Tokachi River

SHIMADA Tomonori, River Engineering Research Team, Civil Engineering Research Institute for Cold Region

Even today, with progress in river improvement, damage caused by levee breaches still occurs frequently in many
parts of Japan. For example, in the floods caused by Typhoon Hagibis (Typhoon No. 19) in 2019, 142 river levee
breaches occurred in Japan (122 of them attributed to overtopping), causing extensive damage due to inundation.
There are concerns that floods with severe damage will become more frequent due to climate change. Even though
the damage caused by levee breaches is devastating, the process of such breaches initiated by overtopping is not well
understood and elucidating the mechanism of levee breaches is important for establishing damage mitigation
techniques.

Under these circumstances, the Hokkaido Regional Development Bureau of the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) planned the Chiyoda New Channel to improve flood control safety on the Tokachi
River in Hokkaido and began operating the new channel in 2007. The Chiyoda Experimental Channel, which is part
of the Chiyoda New Channel, is the world’s largest hydraulic experiment facility. It can generate a simulated flood
with a maximum discharge of 170 m3/sec.

The Hokkaido Regional Development Bureau and the Civil Engineering Research Institute for Cold Region
conducted experiments on levee breaches initiated by overtopping at the Chiyoda Experimental Channel to elucidate
the process of such breaches. The experiment revealed that it proceeds through four stages: (1) the start of levee
erosion due to overtopping, (2) the start of widening of a narrow erosion trench across the levee body, (3) the

acceleration of the widening of the breach, and (4) the deceleration of the widening of the breach.

Basic data on the Chivbda Experimental Channel [ e

Total length: 1,310 m, Channel width: 30 m,
Bed slope: 1/500 =
Maximum discharge170m3/s

Floodplain

Tokachi River — (4 gates) o ..\ N

Operation of the Chiyoda New Channel\started in'F% 200N
Hokkaido Regional Development Bureau, 2

Dimensions of the levee body:
height: 3 m, crown width: 3 m, slope gradient: 20%

Figure 1. The Chiyoda Experimental Channel on the Figure 2. Experiment on a levee breach from
Tokachi River overtopping
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Increase in the wave power due to the reduction of sea ice over the Sea of Okhotsk

Civil Engineering Research Institute for Cold Region, Public Works Research Institute
Cold-Region Hydraulic and Aquatic Environment Engineering Research Group
Port and Coast Research Team

Shinsuke Iwasaki

In the Sea of Okhotsk (SO) adjacent to northern Hokkaido, there is concern about the increase of waves due to the
decrease of sea ice. However, very few studies have focused on waves in this area, and their long-term changes
remain unresolved. Therefore, the long-term trends of wave power (Pw) in the SO were investigated using the 40-
year (from the 1980s) simulations and based on the wave model (WAVEWATCH III) enforced by three reanalyses
and one satellite product. Three wave model simulations were conducted using the original (hourly or daily)
reanalysis or satellite sea ice data. In addition, to quantify the responses of the long-term Pw trends due to surface
winds and sea ice, three wave model simulations were performed with climatological sea ice data, for a total of six
model simulations. The results show that winter (December — February) Pw in the SO has been increasing at a rate
of about 12—15% per decade. The results also indicate that the increased Pw is influenced by the strengthened surface
winds and reduced sea ice, and that the strengthened surface winds is also caused by the reduced sea ice. These results

suggest that the reduction of sea ice is the main cause of the positive Pw trend during winter.
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Title: Impact assessment of climate change on the blowing-snow events in Hokkaido with a large

ensemble meteorological dataset

Authors: Kuniyasu Sugawarals 2*, Masaru Inatsu3, and Yusuke Harada!

1Civil Engineering Research Institute for Cold Region, Public Works Research Institute, Sapporo,
Japan

2Graduate School of Science, Hokkaido University, Sapporo, Japan

3Faculty of Science and Centre for Natural Hazards Research, Hokkaido University, Sapporo, Japan

*e-mail: sugawara-k@ceri.go.jp

Abstract:

Blowing snow plays an important role in transportation and hydrology. It inhibits drivers' visibility
and often causes snowdrifts on roads. Blowing snow in mountainous regions causes extreme
distributions of snow cover by redistributing the snowpack, resulting not only in a complicated
hydrological cycle but also in avalanche releases. A reduction in snowfall throughout the season has
been shown with global warming. However, the intensity of blowing snow has not been compared
between the current and future climates, because blowing snow is a phenomenon of wind-borne snow
particles. In other words, in assessing the blowing-snow intensity, not only snowfall but also wind
speed must be considered. This study evaluated the impact of climate change on the intensity of
blowing-snow events across a wide probability spectrum including extreme events, by using d4PDF,
a dynamically downscaled meteorological dataset with a large number of ensembles. At the sites in
Hokkaido, the northernmost island of Japan, the hourly snow transport rate (STR; kg m~! h-1) was
estimated from wind speed, temperature, and snowfall. The bias-corrected historical experiment of
d4PDF was found to be able to reproduce the STR distribution based on the observation data. The
occurrence probability of severe blowing-snow events (STR exceeding 300 kg m~ h1) was found to
exhibit spatiality. Such events were predicted to occur much more than once per winter at the sites
on the northwestern coast and the Pacific coast, but were predicted to occur much less frequently at
the site on the Okhotsk coast and the inland site than at the other sites. The +2-K future climate
experiment using d4PDF data predicted that severe blowing-snow events would become rarer.
Moreover, the monthly maximum STR exhibited a decrease, yet it showed significant spatial
differences and seasonal variations. The occurrence probability of severe blowing-snow events, the
monthly maximum STR, and the drifting term of it in the STR formula from December to February
were the most significantly reduced at the site along the Pacific coast. The mean snow cover duration
(SCD) from December to February at this site was shorter than at any other site. This predicted
decrease in STR is thought to be due to the shortening of the SCD and would be substantially related

to the critical temperature at the melting point.
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Relationship between snow cover distribution and topography/vegetation using airborne laser scanning in Japan

Takashi Yamada
Watershed Environmental Engineering Research Team

Civil Engineering Research Institute for Cold Region

Snow cover in mountainous areas has an important role a water resource, and an accurate understanding of snow
cover distribution is significant for water resource management. Japan is no exception, as more than 70% of its land
area is mountainous. There are several methods for measuring snow cover distribution in mountainous areas such as

airborne laser which can measure large areas with high accuracy.

In this study, we investigated the relationship between snow cover distribution observed by aerial laser survey and
characteristics of topography and vegetation in two areas where vegetation distribution is totally different in northern
Japan to clarify the influence of topographic and vegetation characteristics on snow cover distribution.

One of target areas is Jozankei Dam watershed, ranges in elevation from about 380 m to 1302 m and is mostly covered
by forest (82 %). Another area is Chubetsu Dam watershed, ranges in elevation from about 366 m to 2290 m and
40% of the watershed is non-forested. The measurement area in Chubetsu Dam watershed covers about 20 km2 of
the watershed, with elevations ranging from 1065 m to 2290 m, and 78% of the watershed is non-forested. The
vegetation characteristics focused on in this study were forested or non-forested areas. Topographic characteristics

were focused on elevation, overground, openness, slope angle, and slope orientation.

Airborne laser snow depth measurements were generally consistent with ground observations in both areas and were
considered to be sufficiently accurate. The distribution of snow cover in the Chubetsu Dam watershed differed
significantly between forested and non-forested areas. ~ Specifically, spatial variability was smaller in the forested
area and larger in the non-forested area. In addition, the regression analysis results for the relationship between snow
depth and topographic characteristics showed that the contribution of overground openness and elevation was large
in the forested area, while the contribution of overground openness and slope direction was large in the non-forested

arca.

These results indicate that the distribution of snow cover in a watershed depends on the distribution of forested areas
and topographic characteristics. It may be necessary to distinguish between forested and non-forested areas and to

consider topographic features that contribute significantly to the estimation of snow equivalent water.
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Environmental monitoring techniques for offshore artificial fish reefs and fishing ports : Effective
enhancement and conservation of marine resources, and building a decarbonizing society through

macroalgal beds

Hiroki YABE
Director of Cold-Region Hydraulic and Aquatic Environment Engineering Research Group, CERI

To promote the recovery of Japan's fishery resources and increase productivity, the development
of offshore artificial reefs (OARs) is expected. However, the deep installation depth of 100m or
more of an OAR is often a barrier to assessing its performance efficiently.

It is necessary to understand the water quality environment and flow environment for planktonic
ecosystems, as well as the seafloor substrate environment for benthic ecosystems to clarify the effect
of OARs by improving a feeding environment and providing suitable habitats for target aquatic
organisms. Especially, we have established a sampling method using a grab sampler mounted on an
ROV (remotely operated vehicle), which enables collecting sediments near an OAR in deep water with
visual confirmation of the exact location.

We have developed a method for measuring the density, size, and species composition of fish
gathering around an OAR by the combined use of a high-resolution echo sounder and environment
DNA analysis. These methods will contribute to a precise and efficient assessment of the OAR effect
on a feeding environment and the properties of fish assemblages around it.

In addition, it is expected to improve the productivity of fishery resources by effectively utilizing
the fishing port space, and we are working on the development of technology to create and restore
macroalgal beds. These beds not only support productivity in coastal waters but also play a crucial
role in moderating global warming that absorbs CO> and preventing harmful algal blooms, a recent
area of focus.

The data we collect on the area, distribution, and species composition of the macroalgal beds are
essential for assessing their enhancement and various functions.  For this reason, we have developed
an accurate and efficient monitoring method using a UAV (unmanned aerial vehicle), which will likely

be one of the potential alternatives for future algal assessment.



