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Abstract
This report contains ten reports in total. Eight reports are bilingual. Therefore six
reports are original. The two original reports are written by two American snow avalanche
researchers, i.e., by Mr. Bruce Tremper, avalanche forecaster and by Dr. Sue Ferguson, snow
avalanche researcher. Mr. Tremper has written another special report for the Tenjin-daira ski
fields on Mt. Tanigawadake. Other three original reports explain the activities of the US/
Japan snow avalanche joint research projects conducted in 1992 and 1993.

¥ —7—1F :ExH (Snow avalanche), EfISE (Research work of snow avalanche)
HAILEIERZE (US/Japan joint snow avalanche project)
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1. Bruce Tremper

2. Director, Utah Avalanche Forecast Center
337 North, 2370 West
Salt Lake City, Utah 84116 U.S.A.

3. Avalanche Forecasting and Control

4. A STUDY ON THE RELEASE, CONTROL AND PROTECTION METHODS OF
SURFACE DRY SNOW AVALANCHES

5. Tenure: from January 23, 1992 to February 13, 1992

6. National Research Institute for Earth Science and Disaster

Prevention

During my stay in Japan my itinerary was as follows:

- ] visited Nagaoka Institute of Snow and Ice Studies.

- | spent 4 days at Tenjin Daira Ski Resort on Tanigawa Dake
where | evaluated avalanche potential and potential expansion
plans. I also exchanged avalanche information and taught person-
nel from the ski patrol and from the Nagaoka Institute of Snow
and Ice Studies about snowpit techniques and avalanche rescue
beacons. (see attached report).

- ] visited the main office of the National Research Institute
for Earth Science and Disaster Prevention in Tsukuba.

- [ visited the Shinjo Branch of Snow and Ice Research Stud-
ies.

- I visited Kurobe Canyon Hydroelectric station where | ob-
served some of their avalanche problems and visited the avalanche

observation site.
- ] visited Sasagamine and helped conduct snow observations.

7. Background

In nearly every mounainous, snowy region of the world,

avalanches are a hazard to people and structures. The local
people in each part of the world have learned to adapt their
local avalanche hazard in different ways. The adaption depends

on 1) the nature of the terrain and climate, 2) the resources
available, and 3) the culture of the people.

First, I will compare the differences in dealing with ava-
lanche hazards between Japan, North America and Europe. All
three areas are not only equally industralized countries with
sufficient resources to deal with the problem, but each area also
has terrain and climate similar to Japan. For instance, in the
U.S., the coastal mountain of Washington, Oregon and Alaska have
a similar climate to that of Japan. Likewise, Norway and part of
the Alps have a similar climate. Therefore most differences in
dealing with avalanche problems in these locations result pri-
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marily because of differences in human culture.

Culture, of course, depends on history. In Europe, for
instance, people have been living in mountains and around ava-
lanches for hundreds of years, and likewise in Japan. On the

other hand, in North America people started living in avalanche
terrain only in more recent years, mostly since the late 1800 s
and especially since 1950. Since Europeans have been living with
avalanches for a much longer time, they seem to be more jaded
toward avalanche deaths than North Americans. For instance, 100-
200 people per year die in avalanches in Europe. To an American
thier acceptable level of risk towards avalanches appears to be
quite high.

On the other hand, in North America, people have lived in
avalanche terrain only in relatively recent times. By the time
most of the people have moved into the mountains, the avalanche
hazards were largely mitigated through zoning, control with
explosives, defense structures and forecasting. Consequently,
the death toll in the U.S. and Canada combined is about 20 people
per year-—-almost ten times less than in Europe--and almost all of
them occur to recreationalists in the backcountry. In Japan the
acceptable level of risk seems to be even lower. Since 1984 an
average of only nine people per year die in avalanches in Japan
and when they do it is not considered acceptable.

Another cultural difference lies in the use of explosives
After World War II, use of explosives in Japan was severely
curtailed, while in North America and Europe, explosive use has
remained quite widespread and relatively unregulated. Therefore
in North America and Europe, explosives have been used on ava-
lanches for many decades, starting during World War | in Europe
and after World War II in North America. Because of this, the
technology of avalanche control has become well developed in both
Europe and North America. With active avalanche control, ava-
lanche forecasting has naturally followed. This technology has
since spread to other areas of the world, for instance, New
Zealand and South America.

Japan on the other hand, is a world leader in developing ava-
lanche defence structures including snow rakes, avalanche sheds,
energy disapaters in run out zones and designs of buildings in

avalanche areas. In this area, both North America and Europe
have something to learn from the Japanese. The Japanese, howev-
er, can learn about avalanche forecasting and active avalanche
control from the rest of the world. With cooperation and infor-
mation exchange, both Japan and the rest of the world can learn
from each other and together we can all move ahead. The U.S. 1is
a world leader in the technology of avalanche forecasting and
control. We are willing and able to offer expertise in these
areas.

Observations and Recommendations

From my observations during my short three week visit, 1
think the Japanese can benefit from the technology of avalanche
forecasting and control, especially ski resorts, utility compa-
nies, or any people or structures existing in avalanche terrain.
For instance, the Tenjin Daira Ski Resort at Tanigawa-Dake can
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clearly benefit from avalanche forecasting and control (see
attached report).

] realize that using explosives in Japan is very difficult
at this time, but explosives are very effective for triggering
avalanches. They are inexpensive, portable and they can be
placed in any location. I strongly recommend that, if possible,
the necessary arrangements be initiated for the use of explosives
for avalanche control.

Perhaps obtaining the legal permit for two-component explo-
sives would be possible in Japan because they form an explosive
only when the two components are mixed together. In this way,
they can be transported and stored safely and legally. A popular
method of two-component explosive in the United States is amonium
nitrate (which is a common fertilizer) and diesel fuel. When
mixed together, they are not only very inexpensive but wvhen
detonated with another high velocity two-component explosive it
becomes a very powerful explosive with enough velocity for effec-
tive avalanche control.

Two-component explosives can also be used in avalaunchers.
These guns use compressed nitrogen as a propellent and can shoot
an explosive charge over a kilometer in distance. Although one
type is manufactured in the United States, the best ones are made
in England and France.

Alternative methods of avalanche control include most nota-
bly, Gasex. Gasex has the advantage in that it does not use
explosives (other than propane) and they can legally be operated
by local people at the time of their choosing. [t also delivers
a large shock wave which is very effective at triggering ava-
lanches. It has some distinct disadvantages in that: First, it
is expensive to purchase and construct. I understand that the
Gazex device costs about 16,000,000Y apiece for purchase and
installation. The second disadvantage is that its location is
fixed. This second point has the most disadvantages because snow
instability does not always form in the same area. Shifting
patterns of snow, wind and sun create unstable areas in often
very different locations. Any method of triggering avalanches
should be quite mobile and flexible to adapt to changing condi-
tions. Explosives work very well in this regard.

Another method which has not yet been tried for avalanche
control are compressed air shock wave generators. These have
been used extensively in seismic exploration especially in ocean
environments. These are commonly trailed in the water behind a
ship, and when triggered, they produce a very powerful shock
wave. [t is so powerful that the scientists can detect geologic
layering for many hundreds of meters below the ocean floor.
These devices use highly compressed air which travels to the
triggering guns via pressurized hoses. When the pressurized
chamber is released, it produces a large shock wave. This method
has advantages in that: 1) it uses no explosives and thus can be
operated legally in most situations, 2) the technology is very
well developed and thoroughly tested in many different harsh
environments, 3) it is relatively inexpensive, 4) gun positions
can easily be changed, and 5) several guns can be detonated at
once with user-defined microsecond delays between the various
guns. Although these guns have not yet been tested for avalanche
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control purposes, we would like to begin testing. Perhaps this
is a good U.S.- Japan joint project. We hope to submit a propos-
al in the future.

Since explosives are not possible in Japan at this time,
avalanche forecasting remains as the only active defense against
avalanches. Ski resorts can especially benefit from developing
skills in avalanche forecasting, but so can utility companies or
any human activity which occurrs in avalanche terrain.

For instance, on my visit to Kurobe Canyon Hydroelectic
Plant, the workers ride a bus, then a snowcat to the site. The
busses must stop three times while the workers get out and walk
through a small, portable, concrete avalanche shed which is only
large enough for people. The bus then drives past the avalanche
path and picks up the workers on the other side. Each avalanche
shed seemed to be much too short to offer much protection from
avalanches. In other words, the terrain on each side of the shed
seemed just as hazardous as the terrain above the shed. For
instance, on my visit, | observed two cases where recent wet ava-
lanches had come down and both of them entirely missed the ava-
lanche shed.

[f one would calcualte an avalanche hazard index for this
section of road, one would multiply the number of times avalanch-
es hit the road by the amount of time each person spends beneath
each one of the avalanche paths. [t seems to me that the workers
are very exposed to avalanches as they leave the bus and enter
the shed, then again when they leave the shed and enter the bus.
It takes at least a minute or two for all the workers to pass

this dangerous area. If the bus would, instead, quickly pass
under the avalanche path without stopping, then the exposure
would be only a few seconds. Additionally, a bus provides much

hetter protection from an avalanche than the crossing between the
bus and the avalanche shed--where there's absolutely no protec-
tion.

Avalanche forecasting would help this situation a great
deal. For instance, Utah's Little Cottonwood Canyon highway has
one of the highest avalanche hazard indexes in the world, yet no
one has been killed on that road in about 40 years. There are no
avalanche sheds and the traffic is often bumper to bumper. They
simply ¢lose the road during times of high avalanche hazard and
control the avalanche paths using explosives. The total road
closure time adds up to only a day or two each season.

Although avalanche fatalaties in the backcountry seem to be
increasing in Japan, to initiate a backcountry avalanche fore-
casting program may be difficult because of Japan's unique cul-
ture, In Western culture, an individual's right to take risks is
well established and even encouraged. In other words, people not
only think that it is their right to go into the mountains and
take risks, but people actively persue these activities. These
include rock climbing, mountaineering, wilderness travel with
wild and dangerous animals, and, of course, skiing in backcountry

avalanche terrain. In Western culture it perfectly legal and
widely practiced by a large segment of the population. Often,
the risk itself is the attraction. Since people accept this

risk, if any injury or death occurs, people do not tend to blame
or file lawsuits.
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Japan's culture is quite different, and although a Westerner
such as myself can probably never fully understand Japanese
culture, I have been told that issuing backcountry avalanche
forecasts in Japan would be very difficult. First, the backcoun-
try is c¢losed in winter because of the avalanche hazard. Second,
if someone were killed there while it was open, the government
would be responsible. However, if people choose to ignore the
closure and deaths from backcountry avalanches becomes a problem,
backcountry avalanche forecasting technology is well developed
and can be implemted at any time. The avalanche forecast center
in Washington, for example, deals with terrain, climate, and a
population size very similar to Japan and they have operated a
very successful avalanche forecasting program for a number of
years.

Finally, it is absolutely imperative that avalanche fore-
casting be done by local people in close relation with the moun-
tains and avalanches. Unless the forecaster is very skilled, it
is not something which can be done from the office. One must be
out on the snow on a regular basis to develop a feel for the
conditions. Many parameters can not be communicated by data
alone. The best avalanche forecasting is taught through a mas-
ter-apprentice relationship and nurtured over several years.
When setting up an avalanche forecasting system, it is important
to use local knowledge, consult or hire local, long-time resi-
dents with knowledge of the characteristics of specific avalanche
paths and climate.

Summary

In summary, The rest of the world--especially the United
States--can learn much from Japan's technology of avalanche
defense structures. Also, | believe that Japan could benefit
from learning the technology of avalanche forecasting and control
which has become standard operating proceedure in most every
other populatd, avalanche-prone area of the world. If we share
our technology and cooperate, we can all move forward.

Although using explosives in Japan would be very difficult,
there are other technologies which do not use explosives (such as
Gasex and seismic compressed air guns) which work quite well.
However, the direct use of explosives, including two-component
explosives, works much better. Even without using explosives, it
is imperative that ski areas and other endevors which operate in
avalanche terrain, learn the well develped technology of ava-
lanche forecasting. They can do this in one of two ways: first,
they can spend a season at a ski area where state-of-the-art
avalanche forecasting is done in North America, Europe, or New
Zealand. Second, they can hire a consultant to spend a season
and teach them the technology. Finally, it is also imperative
that an avalanche forecast program use local residents and local
knowledge of avalanche paths and climate. Even though avalanche
forecasts can be issued from an office, it is very important that
the forecaster have regular direct contact with the snow.

[ look forward to continued cooperation and exchange between
Japan and the U.S.
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8. ] enjoyed my stay in Japan very much. Although three weeks
was not enough time to see everything, my hosts gave me a good
overvievw.

9. | felt that the visiting scientist exchange program is very
helpful to both countries. My only suggestion to improve the
system is that since | do not speak Japanese very well, | had a
difficult time with the language. Reading Japanese is nearly
impossible for a westerner, so when signs were in Romanji or in
English, it was a great help. Many of the Japanese people I

worked with could speak English which was very helpful, but often
their English was not good enough for more detailed communica-
tion. I was always looking for people who spoke English very
well so [ could ask more detailed questions. It would be nice
to have an interpreter who could perform these duties, but I know
that budgetary constraints will probably not permit this.

e T

FoRuce 7 ] Rem per

Bruce Tremper

Director, Utah Avalanche Forecast Center
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REPORT ON THE AVALANCHE HAZARDS AT TENJIN DAIRA SKI FIELDS
ON TANAGAWA-DAKE

3 February., 1892

First, | would like to discuss the differences between the
American and Japanese way of controlling avalanches. in Japan.,
it seems that most avalanches are controlled with avalanche
defense structures and with closures. On the other hand., in the
United States., we have a long history of controlling avalanches
with forecasting and explosives. Consequently, this report will

look at Tenjin-Daira with somewhat of an American perspective.
in the United States, avalanche forecasting and control
began about fourty years ago and has evolved to a very sophisti-

cated level. In recent vears, it has been very rare for any
public to be killed in avalanches at an American ski area where
avalanche forecasting and control has been practiced. Because of
our use of explosives to test and stabilize the slope, it has
allowed ski areas to open almost all terrain regardliess of its
steepness or avalanche hazard. Each morning before the public
arrives, the ski patrol analyzes the stability of the slopes and.,

if necessary., uses explosives to trigger avalanches before the
public arrives.

With avalanches, the steepness of the slope is by far the
most important terrain variable for judging avalanche danger.
For instance, a slope of 30 degrees is barely steep enough to
slide but avalanche activity reaches its maximum at 38 degrees.
In other words, between 30 and 38 degrees., slope steepness is

extremely important. For instance, a difference between 36 and
38 degrees doesn't seem |like much to a person, but it makes a
huge differnce with respect to avalanche activitly. In the
maritime climate of Tenjin-Daira, the critical slope angle seems
to be around 35 degrees. In other words., avalanche activity

seems to increase dramatically as slopes become steeper than
about 35 degrees.

| was asked to evaluate the safety of the proposed new run
(Tajirezawa-Takakurazawa ski course) which travels between the
lodge down to the bottom of the gondola. For this discussion., |
will separate the terrain into two sections: the upper section
above the canyon bottom and the lower section in the canvon
bottom itself. | skied the run twice and carefully measured the
slope angles. On the upper section, most of the slope angles
stay under 34 degrees until just above where the run meets the
canyvon bottom., where the slope steepens briefly to about 40
degrees. Below this the run follows a road which is quite flat
but steep slopes of the canvon rise above it on both sides. In
my opinion, this canyon bottom is the most dangerous section of
the proposed new run. The canyvon bottom also forms a deep V
shape which is a very dangerous type of avalanche terrain because
even a small avalanche can bury a victim very, very deeply.

| understand that the plans for this run include changing
the slope configuration where the run intersects the canvon
bottom to avoid this problem of slope steepness. This may miti-
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gate the problem at the intersection point but the canyon bottom

below the intersection point remains quite hazardous. Steep
slopes of close to 40 degrees rise above the canyon bottom on
both sides. The development plans | saw called for some snow
rakes in isolated areas on the north facing slopes but none on
the south facing slopes. Although most of the past avalanches

have occurred on the north facing slopes, the south facing slopes
are equally steep and they could also produce avalanches, espe-
cially in times of strong melting from the sun. | feel there
needs to be more snow rakes on the north facing slide of the
canyon and snow rakes on the south facing side as well.

But an equally large problem is that the proposed Tajireza-
wa-Takakurazawa ski course is not the only dangerous avalanche
terrain at Tenjin-Daira. Specifically, the area accessed by the
top-most |ift above the gondola upper terminal (Tenjin Tage
Lift). On both sides of the lift, | measured several areas where
the slope angle is 38-40 degrees, and | am certain that they
produce avalanches when large storms occur or when the wind blows
show onto these slopes. In several respects these areas are more
dangerous than the proposed Tajirezawa-Takakurazawa ski course
because they lie along a ridgetop where the wind can drift snow
onto the downwind terrain. After each storm, and especially
after each storm with strong winds, it is important for the ski
patrol to evaluate the avalanche hazard and, if necesarry, close
the run if they cannot control the instability.

| understand that the ski patrol cuts the cornice there
after storms and wind events. This is good., but it is probably
more important to control the wind slabs which form below the
cornice. In general, the stronger the wind, the lower the wind
slabs will form on the slope. | don't know any way to do this
safely without using explosives.

As a sidelight, at the present time., the ski patrol does not

use avalanche rescue beacons. Using my own beacons., | trained a
couple of the patrollers while | was there in the use of beacons.
| feel, however, that it is very important for the patrol to pur-
chase their own beacons and use them at all times because it is
the only way to save the life of someone buried beneath avalanche
debris. All other methods are far too slow.

| realize that using explosives is not presently possible in
Japan. However, | strongly recommend that the necessary arrange-
ments be started to use them in the future. | feel that ava-
lanche safety for both the ski patrol and the public will be

increased significantly with the use of explosives.

In this case, perhaps two-component explosives work best
because they can be transported and stored safely. They form an
explosive only when the two components are mixed together.
Although dynamite works better and takes less time for prepara-
tion, transportation and storage present much greater problems.
For these reasons, two component explosives are probably the best

choice. Two component explosives can also be used in air guns,
which can propel!l explosives for distances of about a kilometer.
Air guns would be an ideal tool for controlling the slopes
below the summit of Tanigawa-Dake. In this way., the ski patrol
can make several small avalanches after each storm and thereby
reduce the liklihood of large avalanches--for instance. the one
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which destroyved the |ift towers. In addition, a series of dams.
or energy disipaters in the bottom of the canvon before the
avalanche reaches the Tajirezawa-Takakurezawa ski course would
also be an effective method.

Finally, although most avalanche accidents occur when the
victim triggers the avalanche, there is the second problem of
natural avalanches coming down from above. On the proposed
Tajirezawa-Takakurazawa ski course , especially in the canyon
bottom, there are a number of steep slopes above the road which
can and will produce avalanches especially during times of heavy
snowfall, rain, or strong sun on the south facing slopes. It is
absolutely necessary for the ski patrol to become skilled at ava-
lanche forecasting technology so they can close this run when
conditions become hazardous. If the ski patrol were allowed to
use explosives, it would make forecasting much easier and it
would make the run much more safe.

In summary., | feel that it is absolutely necessary for the
patrol to become skilled in the technology of avalanche forecast-
ing and control, which has become standard operating proceedure
im most mountainous areas of the world. Many of the slopes
presently open to the public are just as dangerous as the one
which killed three people some vears ago. Unless the patrol
aquires these avalanche skills and performs the necessary clo-
sures, or performs active control, then it is only a matter of
time before more people are killed. The patrol can aquire these
skills either by going to the United States., New Zealand, Canada

or Europe and studying with a good avalanche program., or by
hiring a consultant to spend a season at the Tenjin-Daira Ski
Fields. If a patrol member goes to the United States, | would
suggest an area where state-of-the-art avalanche control is
currently practiced, such as Alta or Snowbird (in Utah)., Alpine
Meadows (in California), Crystal Mountain (in Washington) or
Bridger Bowl (in Montana).

7 -7
SRue [ Remi _

Bruce Tremper

Director, Utah Avalanche Forecast Center
337 N. 2370 W.

Salt Lake City, Utah, U.S.A.

Visiting Scientist with the Nagaoka Institute of Snow and lce
Studies

Suyoshi, Nagaoka
Niigata 940
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Report of The Bilateral International Joint Research by Special Coordination Funds
Promoting for Science and Technology (FY 1991)

1. Research Theme

A study on the release control and the protection method against surface dry snow
avalanches

2. Implementing Institutes and Principle Researchers

Japanese Side:

National Research Institute for Earth Science and Disaster Prevention.
Science and Technology Agency

Tsutomu Nakamura

United States of America Side:
The University of Utah
Rand Decker

3. Total Expenditure (Yen)
¥4,092, 000

4 ., Summary
Recent catastrophic avalanche disasters in Japan were caused by surface dry snow
avalanches. The final goal of this study is to prevent these disasters. The aims
of this study are to establish a method of artificial avalanche control that is
based on meteorological and snow cover profile observations being carried out in
the US and other countries, and to carry out a preliminary survey on the avalanch-
ing snow impact forces on a pylon

In the fiscal year of 1991, artificially released avalanches were observed at the
ski field in the suburbs of Salt Lake City in the U.S.A. from 13 February to 3
March, 1992 and snow avalanche motions were taken in a vidio film. The artificial
snow avalanches were released by explosives by the ski patrol people collaborated
with the USDA Forest Service and the Utah State University. Furthermore, snow
cover observation was conducted by a Japanese newly developed ramsonde and the
results were compared with the United States observations’ during this stay. A
preliminary survey for the impact force measuremonts on to a pylon was made too.

On the other hand from 28 January to 3 Februaly at the Tenjin Daira Ski Field at
Tanigawa-dake colloborative observation was conducted. The weak layer test that
has been carried out in the U.S.A. as one of the means of surface avalanche pre-
diction was effective in Japan too.

— 21
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A lecture entitled "Avalanche forecasting in the United States™ by an invited
foreign researcher Mr. B. Tremper was held through an interpreter Mr. Y. Yamada on
January, 1992 at Nagaoka to which about 60 people attended

. Publications

Nakamura. T. (1991) Activities of the Japan/US Joint Program under the Snow and
Snow Avalanche Management. Japan-US Workshop on Snow Avalanche, Land Slide,
Debris Flow Prediction and Control. Organizing Committee of JUSSLDPC.

Abe, 0., lkarashi, T., Decker, R., Sensoy, B., Ream, D. & Tremper, B. (1992):
Snow profile observations for avalanche forecast by new generation ramsonde
Symposium on Snow and Snow-Related Problems. International Glaciological

Society.

Tremper, B. (unpublished): Report on the Avalanche Hazard at the Tenjin-Daira Ski

Area on Tanigawa-dake

. Remarks

This study is conducted under The Japan-U.S. Joint Studies, entitled Snow
Avalanche Management, Landslide Prediction and Control of Non-Energy Matters.
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United States Forest Pacific Forestry Sciences Laboratory

Department of Service Northwest 4043 Roosevelt Way NE

Agriculture Research Seattle, Washington 98105
Station USA

February 8, 1992

Tsutomu Nakamura

Director of the Institute

Nagaoka Institute of Snow and Ice Studies

National Research Institute for Earth Science
and Disaster Prevention

Science and Technology Agency

Suyoshi, Nagaoka

Niigata 940

JAPAN

Dear Tom:

Enclosed is my report of activities that you requested. It is
quite a bit longer than you probably expected. However, I wanted
to illuminate as many opportunities for joint research as I could
so that the US government could also see how valuable these joint
projects are. Hopefully, we can find the funding to bring Japanese
scientists to the United States.

Dr. Nohguchi asked that I prepare a manuscript for my open lecture
to publish in the next JSSI journal. I will work on that as soon
as possible and hopefully have it to you before the end of March.

Thank-you again for all of your hospitality. I am pleased by the
abundant memories I have of my wonderful experiences in Japan.

Regards,

Sue A. Ferguson, Ph.D.
Atmospheric Scientist

Tel. 206-553-7815
Fax. 206-553-7709



B KB RANFe s &Rl 551675 19954F10H

JOINT OBSERVATION OF SNOW AVALANCHES IN JAPAN
REPORT OF ACTIVITIES

NAME: Sue A. Ferguson, Ph.D.

POSITION: Atmospheric Scientist
Global Environmental Protection Program
Pacific Northwest Research Station
United States Department of Agriculture Forest
Service

ADDRESS: USDA-FS PNW Research Station
4043 Roosevelt Way Northeast
Seattle, Washington 98105 USA

RESEARCH FIELDS: 1) avalanche and mountain weather
prediction; 2) prediction on the effects of

climate change on forest and watershed ecosystems

PROPOSED SUBJECT OF RESEARCH IN JAPAN: 1) a joint
observation of snow avalanches in Japan; 2) test
a laser sensor to distinguish snow and rain; 3)
present lectures on avalanche problems in
Washington State and the use of weather data for

predicting snow layering

TENURE: January 11-31, 1993

ITINERARY: 1/11/93

Arrive Narita

1/12 STA Tokyo Headquarters and
NIED in Tsukuba

1/13-18 Nagaoka Institute for Snow and Ice
Studies

1/19 Niigata University Research Institute
for Hazards in Snowy Areas and
Niigata meteorological forecast
office

1/20-21 Tenjin-taira Ski Field

1/22 Nagaoka Institute for Snow and Ice
Studies

1/23 Observed GAZEX experiment at Mt.
Ogenashi-yamma

1/24 Visit site of Masaguchi avalanche
disaster

1/25 Nagaoka Institute for Snow and Ice

Studies and open lecture
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1/26-27 Radar site at Sakata and Shinjo branch
of NIED

1/28-29 Institute of Low Temperature Science,
Hokkaido University

1/31 Depart Narita

6. HOST INSTITUTE: Nagaoka Institute for Snow and Ice Studies
National Institute for Earth Science and
Disaster Prevention
Science and Technology Agency

7. REPORT OF RESEARCH:

The snow climate of North America's Pacific coastal region
is similar to Japan. The maritime climate in the coast mountains
of Washington, Oregon, California, Alaska, and British Columbia
is characterized by frequent storms with heavy snowfalls and
widely fluctuating freezing levels. This causes a complex
pattern of snow stratigraphy that often is remarkably different
than snow patterns found in continental-type climates.

Therefore, while developing an avalanche forecasting program for
Washington, Oregon and southern British Columbia, the USDA-FS
Northwest Avalanche Center (NWAC) has found research results from
Japan to be of great help. Whereas, research from other study
centers like Utah, Colorado, or Switzerland often applies only to
continental-type climates and are not useful for forecast and
control problems in our maritime region.

Although my stay in Japan was very short, I was fortunate to
observe many aspects of snow and avalanches. The following
summarizes my observations for each of several different topics.

Avalanche Forecasting: While visiting the Niigata
meteorological forecasting office, I learned that avalanche
advisories are issued whenever precipitation, temperature, and
snow depth reach certain critical levels. The threshold values
vary by region and prefecture. I assume that the critical levels
were determined by comparing snow and weather data to avalanche
activity.

This system of forecasting avalanches is very common
throughout the world. In the United States many National Parks
employ such a forecasting system to advise skiers and visitors on
snow shoes or snow machines of expected avalanche danger. Also,
the National Weather Service Juneau, Alaska forecast office uses
a similar method to warn residents and highway workers of
possible avalanche problems.

Using critical level parameters to determine the potential
for widespread avalanching works well for predicting obvious
avalanches that release because of direct weather events (e.qg.,
snowpack weakening by rapidly warming temperatures, or rapid
loading by heavy snow/rainfall). 1In addition, snowfall and
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rainfall often load the snow cover in a way that imparts simple
compressive and down-slope forces on buried weak layers.

Unfortunately, there can be several problems with this
method. For example, there often are subtle changes in the
weather (where snow depth, snowfall, and temperature do not reach
critical levels) that can cause isolated releases of dangerous
avalanches. Also, many times buried weak layers are stronger
than usual and weather reaching critical levels may not cause
avalanching. Finally, complex loading patterns from skiers, snow
boarders, climbers, snow mobiles, snow shoes, and other
disturbances like earthquakes impart a series of stresses that
are difficult to quantify.

These subtle weather changes, variations in snow strength,
and complex loading patterns are poorly understood by scientists.
Only recently have efforts been made to begin building computer
models that can help predict the variety of possible avalanche
criteria. Despite this difficulty in quantifying avalanche
probability, it is possible to combine experience with a basic
understanding of the snow's physical properties to develop a
qualitative prediction of avalanche occurrence that is much more
accurate than the simple weather criteria described above.

In the mid 1970's the United States experienced a dramatic
increase in the number of people skiing and climbing in the
backcountry (terrain that is away from developed ski areas and
roadways). The travellers were adding a variety of loads to the
snowpack and causing avalanches in places and at times that could
not be predicted by traditional avalanche forecasting methods.
This is why many U.S. avalanche forecast programs now rely on
experienced mountaineers, who have scientific knowledge of snow
physics, to develop avalanche hazard forecasts.

I believe that this type of forecasting, where there is a
strong reliance on a forecaster's personal experience, is the
most accurate in the world. However, much effort is being made
build computer models that can do the same thing. And as
computers are becoming powerful enough to accommodate complicated
pattern recognition and expert system modelling, then I believe
that this effort may be successful within the next 5 to 10 years.

I learned that scientists at Institute for Low Temperature
Science (ILTS) are working on a physical model for avalanche
forecasting, using detailed weather information along with
equations of metamorphism and calculations of strength. This
type of work is similar to that recently developed and used by
Meteo France for the 1992 Winter Olympic Games in France. It may
be a realistic goal to have such a model for the 1998 Winter
Olympic Games that will be held in Nagano Prefecture.

Because I am unfamiliar with the pattern of Japan's
avalanche accidents, whether they are increasing or decreasing, I
cannot suggest which method of forecasting avalanches is best.

It is certainly important to continue work on quantitative
methods like the physical model being developed at ILTS.
Although the snow and avalanche problems in Japan are similar to
other maritime climates like Norway, Washington State, and New

— 2 6 J—
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Zealand, they are different than those in France and Switzerland
where most modelling efforts have evolved. Therefore, I would
encourage Japanese scientists to develop avalanche prediction
models that will include the unique aspects of maritime weak
layers (like graupel, solid shaped depth hoar, and subtle
differences in the amount of riming on crystals). Then test
their models in Japan and other maritime climates.

In addition, it also would be valuable to improve the
critical parameter methods currently used by the Japanese
meteorological service. This can be done by comparing more
weather variables with more detailed avalanche activity records.
Statistical models like "nearest-neighbors" can be employed in
areas with sufficient data.

If Japan is interested in developing a forecast methodology
like that used in North America, then I would suggest that a tour
of each regional forecast program (Washington, British Columbia,
Utah, and Colorado) and several local forecast programs (Montana,
California, Alaska, Idaho, and Wyoming) would help determine the
methodologies best suited for Japan's political and snow climate.
Again I would emphasize that the subtle layering found to cause
avalanching in maritime climates is poorly understood by
scientists and forecasters in continental climates. Below is the
address for NWAC where a unique avalanche forecasting program has
been developed not only to address problems common to other snow
climates, but to additionally recognize and predict avalanches
common only to maritime climates.

Mr. Mark Moore

Lead Forecaster

USDA-FS Northwest Avalanche Center
7600 Sandpoint Way NE

Box C-15700

Seattle, Washington 98115 USA

Please be aware that the regional avalanche forecasting
programs in the United States are cooperatively supported
programs. For example, the Northwest Avalanche Center (NWAC) is
administered by the United States Department of Agriculture
Forest Service (USDA-FS). Its USDA-FS employed meteorologists
work along side of United States Department of Commerce National
Weather Service (NWS) meteorologists in the National
Oceanographic and Atmospheric Administration (NOAA) Western
Regional Headquarters where the NWS Seattle Forecast Office
resides. Another large portion of monetary and field observation
support comes from the Washington State Department of
Transportation. Other government agencies that support NWAC
include the United States Department of Interior National Park
Service, the Washington State Parks Department, and the British
Columbia Ministry of Highways. Private support groups include
the Pacific Northwest Ski Area Association, town utility
companies, local television stations, and ski schools. I did not
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see this kind of cooperation in Japan but would recommend it as a
way to develop a forecast program that is broadly beneficial.

Another good way to mitigate avalanche problems among
backcountry travellers is to teach individuals to predict
avalanche potential on their own. I was pleased to hear of many
good avalanche training courses in Japan. Although there also
are many good avalanche training courses in North America, one
stands out as the best (in my opinion) for teaching individuals
how to remain safe even while ski touring or climbing in and
around avalanche terrain. This is taught by the Alaska Mountain
Safety Center, Inc. (AMSC). I would encourage anyone who is
interested in learning or teaching about backcountry avalanche
safety to participate an AMSC 4 day avalanche courses.

Mr. Doug Fesler and Ms. Jill Fredston
Alaska Mountain Safety Center, Inc.
9140 Brewsters Drive

Anchorage, Alaska 99516 USA

Avalanche Control: I saw many snow sheds over roadways and
snow fences in starting zones and runout zones while touring
avalanche areas in Japan. This is an excellent method for
permanently mitigating avalanche problems; especially on slopes
above roadways or in areas that are not used for skiing.

Methods of building permanent avalanche defense structures
are rarely used in the United States (for a variety of political
and ecological reasons). Instead, US avalanche control workers
have developed an intricate system using explosives to release
avalanches frequently so that they do not become large enough to
be destructive, and at times when roads or ski areas can be
closed. Using explosives also is a good way to control the many
various steep slopes in and around ski areas that frequently
avalanche when loaded by aggressive skiers.

I found a skier in Japan who was so concerned about
avalanches that he built a bomb out of solidified CO, ("dry ice")
that was mixed with 1/3 water and 1/3 air inside of a plastic
soft drink container by vigorously shaking. He threw the bottle
onto a snow slope and waited (5 to 20 minutes) for it to explode.
Although he used a variety of sizes and had great success in low
density snow conditions, he found this bomb to be ineffective in
dense snow that is common in central Japan.

I watched the use of GAZEX at Ogenashi-yamma. This is an
alternative to hand throwing charges or using projectiles to
deploy explosive charges. Unfortunately GAZEX must be installed
in a permanent location and effective only on nearby slopes. Ski
fields that have a large number of avalanche paths will find that
other means of control are necessary.

I understand that a compressed air exploder, similar to the
type used for ocean seismic exploration is going to be tested.
These exploders may work well for the low density snow
conditions. However, such an exploder was tested in Washington
State (with dense snow conditions similar to central Japan) and

_28 —
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it was found that the exploder had to be so large that it became
immobile. It was quickly learned that these air exploders are
impractical alternatives for avalanche control in maritime
climates. For further information on Washington's search and
test of alternative avalanche control equipment, contact:

Mr. Marty Schmoker

Statewide Avalanche Coordinator

Washington State Department of Transportation
P.O. Box 98

Wenatchee, WA 98807 USA

Other than these experiments, I saw no use of explosives for
avalanche control in Japan. I was told that laws regqulating the
use of explosives was very strict. However, when these laws were
briefly summarized for me, they sounded remarkably similar to
those of the United States. Therefore, I have enclosed a sample
of our explosive handling laws in Appendix A so that they can be
compared with Japanese laws.

There are ways to safely release small avalanches by skiing
across suspected slopes (often called ski cutting). This is most
safely accomplished by belaying a trained ski patroller with a
sturdy rope from a safe spot above the slope, using techniques
that can impart sufficient load yet maintain the safety of the
ski patroller and belayer. I saw none of these techniques being
used in Japan.

Because heavy snowfall is common in the Japanese Alps, I
would like to mention at least one of the difficulties in
controlling avalanches by the use of explosives or ski cutting.
That is, during large storms with heavy snowfalls, almost
constant control is necessary (i.e., throughout the day and
night) to keep potential avalanches from building to destructive
sizes. I do not know if ski areas in Japan are equipped to
accommodate this methodology.

The following is a list of avalanche control specialists in
North America who I believe have the best experience with control
methodologies in heavy, dense snow conditions. Each specialist
has several years of experience in controlling deep snow
avalanches and wet snow avalanches in the coastal mountains of
Alaska, British Columbia, Washington, and/or California. In
addition, each of the following specialists are experienced with
a variety of avalanche control techniques that may or may not
include explosives.

Mr. Reid Bahnson, P.0O. Box 416, Girdwood, Alaska 99587 USA

Mr. David Hamre, P.O. Box 11-1492, Anchorage, Alaska 99511
USA

Mr. Chris Stethem, Box 1507, Canmore, Alberta TOL OMO
Canada

Mr. Alan Dennis, Canadian Avalanche Centre, Box 2759,
Revelstoke, British Columbia VOE 2S0 Canada
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Mr. Craig Wilbour, WSDOT Avalanche Crew, P.O. Box 1008,
Snoqualmie Pass, Washington 98068 USA

Mr. Larry Heywood, P.O. Box 222, Homewood, California 95718
UsSa

Rain on Snow: Like Japan's Niigata Prefecture, Washington
State experiences many mid-winter rain events. In addition,
there are some weather patterns that cause snowfall to quickly
change to rain, like the passage of a strong warm front or the
sudden erosion of a temperature inversion. When this happens,
avalanches can occur within minutes after the precipitation type
change. If rain continues, large destructive avalanches are
possible.

To predict rain-induced avalanches NWAC has developed a
weather forecast procedure that can predict the timing of sudden
rain events within 60 minutes accuracy, 6 to 12 hours in advance.
(Within 24 to 48 hours in advance, prediction accuracy is 3 to 6
hours). Unfortunately, many rain-induced avalanches affect major
roadways in Washington{ which have no snowshed or other
structural protection. It is not acceptable to close these
major roadways for more than a few minutes at a time. Therefore,
a system of avalanche control was established using explosives to
release avalanches at times when the road could be closed safely
for a few minutes.

Timing the use of explosives in wet snow is critical because
liquid water absorbs the explosive energy quickly. It was found
that the best time to initiate avalanches in wet snow is when it
is being wetted for the first time. NWAC's rain event forecasts,
although a dramatic improvement over other available forecasts,
are not accurate enough for this type of control. Therefore, a
system of monitoring precipitation type is sought.

Although there are many types of precipitation sensors
commercially available in the U.S. and Japan, most are
prohibitively expensive for many avalanche monitoring programs.

I brought an inexpensive ($2,400/¥310,000) infrared laser sensor
with me from the U.S. to test while staying at the Nagaoka
Institute for Snow and Ice Studies. Several storms of rain,
sleet, graupel, and snow occurred during my visit and useful data
was collected. It was discovered that this sensor requires some
modification before it can be used in a snow climate like Nagaoka

' Recently a snow shed on the west side of Snoqualmie Pass
along Interstate-90 (one of the three main highways that cross
the United States from east to west) was removed. The reason for
its removal was that more traffic accidents were caused by cars
and trucks colliding with the edge of the snowshed or sliding on
ice that formed inside the snowshed. 1In its place, a small
retaining wall was built and avalanches are initiated frequently
with explosives to keep their size small.
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and the mountains of Washington. This study will be completed
September 1993. A final report summarizing results will be
prepared and a copy will be given to the Nagaoka Institute for
Snow and Ice Studies.

During my visit I learned of several other precipitation-
type sensors that are used in Japan to assist the automated road
clearing systems. To my knowledge, there are no automatic road
clearing systems used in the United States. However, many of the
roads are in remote areas and roadway conditions must be
monitored automatically. Currently, these automatic stations
monitor air temperature, road surface temperature, visibility,
and precipitation (no discrimination between rain and snow). A
sensor to distinguish between rain and snow would greatly improve
the U.S. road monitoring progran.

In addition to the infrared type sensors like mine, Japanese
precipitation identification sensors include heated plates and
heated water baths that measure electrical resistance and latent
heat exchange. 1In addition, I learned of efforts at the Nagaoka
Institute for Snow and Ice Studies to develop an innovative
acoustic sensor that can distinguish between the sounds of
falling rain and falling snow. Also, a photographic method is
being developed to determine if snowfall is in the shape of
graupel or not.

All these sensors could have direct application to
predicting the potential for avalanches, determining the timing
of avalanche control, and monitoring roadway conditions. It
would benefit both countries to share information on developing
and using precipitation type sensors. Although many areas
throughout the world could benefit from such studies, the problem
is most difficult in maritime climates where temperatures are
near freezing with many mixed rain and snow events.

The ability to remotely monitor precipitation type is only
the first part of the problem in predicting rain-induced
avalanches. The next step is to determine how the wetted snow
strength will change its ability to avalanche. Most studies on
percolating melt-water have been done on homogenous snow to help
predict water run-off during spring. Studies are just beginning
on melt-water flowing through snow layered with fine and coarse
grained ice that can cause wet-snow avalanches during the spring.
Very little work has been done to study the effect of rain
falling on complex shaped snow crystals that cause dangerous wet-
snow avalanches during mid-winter.

NIED's Rainstorm Disaster Prevention Laboratory provides a
unique opportunity to investigate rain falling on earth systems.
Unfortunately, the Tsukuba laboratory is not in snow country. I
have learned that the Japanese are very innovative at designing
experiments. It would be worthwhile for US scientists to work
with Japanese scientists so that an experiment can be designed to
investigate realistic wet-snow avalanche conditions; since these
types of avalanches are a major cause of destruction in maritime
climates.
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Snow Physics: I was encouraged to see that the Japanese are
continuing their effort to analyze the physical and mechanical
characteristics of individual snow particles and snow layer
structures, especially at the Institute for Low Temperature
Science. Studies on solid depth hoar crystals that develop under
relatively warm temperatures and in dense snow layers have
greatly aided efforts to forecast avalanches in maritime and
transitional climates.? 1In addition, investigations on the way
that graupel interacts with adjoining layers and the role of
disordered ice surfaces ("quasi-liquid layer") on snow that is
near 0°C have aided in the discovery of other useful tools for
avalanche forecasters on the west coasts of the United States and
Canada.?® Finally, on-going research into the role of liquid
water in snow is important, not only for springtime avalanches
and water runoff forecasts, but also for mid-winter rain on snow
events that are common in maritime climates.

I believe that it would be valuable for Japanese scientists
to collaborate with field observers in North America --
especially through the intensive observation networks in place at
the British Columbia Ministry of Highways Avalanche Section and
the Northwest Avalanche Center. This way practical applications
of research results can be tested and/or verified. The
following are contacts for these observation networks:

Mr. Mark Moore

Lead Forecaster

USDA-FS Northwest Avalanche Center
7600 Sandpoint Way NE

Box C-15700

Seattle, Washington 98115 USA

Mr. Jack Bennetto

Manager, Snow Avalanche Programs

Ministry of Transportation and Highways

940 Blanshard Street

Victoria, British Columbia V8W 3E6 CANADA

2The discovery at ILTS in the mid 1970's that solid depth
hoar is an equilibrium form of kinetic growth helped avalanche
forecasters learn that these crystal shapes can survive through
an entire winter under a deep, heavy snowpack, even when the
temperature gradient that helped develop them was removed.

3scientists at ILTS discovered that a disordered surface
layer on ice exhibits a dramatic increase in thickness as soon as
the temperature warms above -5°C. This has confirmed qualitative
observations by Northwest avalanche forecasters that layers of
graupel quickly increase their strength if warmer than -5°C.
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Avalanche Motion: The study of moving avalanches by
Japanese scientists has helped scientists all over the world to
better understand this complex motion. I was fortunate to meet
many scientists continuing this fine effort (at the Nagaoka and
ShanO Institutes for Snow and Ice Studies and the Niigata
University Research Institute for Hazards in Snowy Areas) and to
see many experiments designed to measure moving snow in the
laboratory, in a controlled outdoor environment, and in natural
field settings. The use of inclined chutes and rotatlng drums
with natural snow, fragmented ice particles, and ping pong balls
to simulate avalanche motion demonstrates the Japanese creativity
in this field.

Now, in addition to the use of radar, stationary load cells,
and photography, I learned that Japanese scientists are gaining
insight into the use of inexpensive geophones to measure
avalanche speeds. This could provide a wealth of new data on
avalanche motion since the low cost of monitoring and analyzing
seismic signals could allow numerous observations in many parts
of the world.

Of special interest is the study of wet snow and slush
avalanche motion. No studies of this sort are being conducted in
the United States and these type of avalanches pose a serious
problem in maritime climates. Obtaining coefficients that
describe moist and saturated avalanche motion would help improve
existing numerical models of avalanche flow. Perhaps new models
could be developed to explicitly describe these unique
avalanches.

Again a cooperative effort between Japanese scientists and
field observers in North America would help hasten results on
avalanche motion modelling that are so desperately needed for
avalanche hazard planning.

Snow Climate: As mentioned briefly in the opening paragraph
of this section, the snow climate of Japan is very similar to the
snow climate of the coastal mountains in Alaska, British
Columbia, Washington, Oregon, and California. These similarities
are caused by the close proximity to ocean moisture and the steep
rise of folded and volcanic mountains.

Accompanying the similarities in snow climate, there also
are similarities in avalanche characteristics. Both locations
experience frequent wet avalanche cycles. Both locations
experience trouble-some weak layers of graupel, solid-type depth
hoar, and subtle variations in the amount of riming on individual
crystals. Both locations have serious earthquakes that can
initiate dramatic avalanching. And both locations have heavy
precipitation events that can cause widespread avalanching as
well as dramatic flooding. These characteristics are uniquely
common features in maritime climates.

During my stay at the Nagaoka Institute for Snow and Ice
Studies, I entered nearly 30 years of snow depth data from
Nagaoka into my computer to compare with snow depth data from a
similar station in Washington (a graph of these data are shown in
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Appendix B). It is interesting that people in both areas have
remarked that the snow depths have been lower during the last
several years than is "normal." However, both areas have
experienced periods of even less snow depth in recent history.

There are no obvious correlations in the variation of snow
depth between the two stations. This may be because the two
stations receive snow in different ways. Snoqualmie Pass is a
low elevation station near the crest of the Cascade Mountain
Range. It consistently receives snow from orographic induced
precipitation as westerly winds are lifted by the surrounding
mountains. In addition, a convergence zone often develops in the
vicinity of Snoqualmie Pass, causing periods of enhanced
convective precipitation. On the other hand, the Nagaoka
Institute is in the Shinano River valley near the foothills of
the Japanese Alps. Although there is some orographic lifting of
prevailing westerly winds, nearly 30% of all precipitation in
this area falls as graupel. This indicates that most snow
accumulations occur during convective precipitation as cold
arctic air from Russia moves over warm ocean currents in the Sea
of Japan.

Like other maritime locations, climatic changes cause
negligible changes in annual precipitation at Snoqualmie Pass and
Nagaoka. However, it appears that the type of precipitation
(whether rain or snow, frontal or convective) is influenced by
even small changes in climate patterns. It would be interesting
to conduct a more detailed analysis of precipitation and snow
depth patterns in both locations to determine what effects on
snowfall and avalanche occurrence might be caused by future
climate changes.

Snow depth in both locations appear to be adversely affected
by ENSO events near the equatorial Pacific. However, this
correlation has yet to be quantitatively proven. An
investigation into tele-connections between ENSO and snowfall in
both Japan and Washington could provide valuable insight into the
global climate. NIED in Tsukuba has recently installed a super-
computer to help couple ocean, land, and atmosphere interactions
into unified regional and global models. Similar modelling
efforts are underway in the United States. However, US modelers
have little connection with avalanche specialists. Since snow
and avalanche science are intricate parts of NIED's mission, a
unique opportunity is developing in Japan to study the effects of
ENSO on snowfall, avalanches, and flooding.

Avalanche Data: Many local ski areas, highway departments,
and government avalanche centers in the United States maintain a
record of avalanche occurrence in their area of responsibility.
In addition, we have a central facility for collecting data on
mountain weather and avalanche occurrence. This is the Westwide
Mountain Weather and Avalanche Network that is administered by
the United States Department of Agriculture Forest Service in Ft.
Collins, Colorado. This Network accumulates data from over 50
sites in the United States, stores it on a computer, publishes
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monthly summaries of statistics, and prepares a book describing
interesting avalanche accidents once every 10 years. To obtain
historical information or join the mailing list, contact:

Mr. Knox Williams

Program Administrator

Westwide Mountain Weather and Avalanche Network
USDA Forest Service

240 West Prospect

Ft. Collins, Colorado 80526-2098 USA

While describing avalanche problems to my colleagues in
Japan I was able to use data from the Network to show that
although the number of reported avalanches is increasing in the
United States, the number of accidents causing damage or loss of
life is remaining constant in some states and has actually
decreased in other states. These data are used to show local,
state, and government agencies who finance avalanche mitigation
programs that their investment is valuable.

Data from the Network also is valuable for developing
avalanche forecasting models. Some areas have enough avalanche
occurrence and associated meteorological data to use a
statistical avalanche forecasting model that was developed and
tested by the Swiss Federal Institute for Snow and Avalanche
Research ("nearest neighbors").

While at the Nagaoka Institute for Snow and Ice Studies I
was pleased to see that historical avalanche occurrence data are
being collected. In addition to archiving historical data, I
would encourage this Institute to work with others in developing
a systematic way of collecting and analyzing current avalanche
occurrence information. This way, the number of avalanche
accidents can be viewed over time to see if the problem is
becoming worse or better. Also, avalanche data can be combined
with meteorological data to improve existing avalanche
forecasting methods. ILTS also has compiled a list and map
location of avalanche accidents in Hokkaido.

In addition to general location maps of avalanche occurrence
I saw a few examples of detailed outlines of past avalanche
occurrence on high resolution topographic maps. This information
is very valuable. For one thing it provides accurate information
on dangerous avalanche areas. However, some avalanche flow
models should be used to determine the potential maximum extent
of these observed avalanches. 1In addition to site specific
information, if these avalanche path data are available for an
entire region then quantitative analysis of the overall hazard
can be evaluated. For example, the percentage of avalanches that
affect a certain elevation, a certain aspect, or villages and
roadways can be evaluated to help design better hazard mitigation
programs and to help emergency rescue programs prepare for
potential future disaster.

Techniques of avalanche hazard mapping now can use an
automatic geographic information system (GIS) to locate potential
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avalanche starting zones (based on slope angle, slope aspect, and
vegetation cover) and calculate potential runout areas. Once
this coarse estimation is accomplished on a computer, the output
can be verified by ground observations and historical avalanche
occurrence records. I believe that these techniques would be
very useful in Japan where avalanches can affect so many people
in so many different places.

In addition to collecting data on weather and avalanche
occurrence, it is also of value to collect data on the structure
of deposited snow layers. Such data is being collected on a
regular basis by scientists at the Nagaoka and Shinjo Institutes
for Snow and Ice Studies. However, I saw no analysis of the data
after it was collected by manual observations from snowpits.
These data provide a unique opportunity to learn more detail
about the snow climate and avalanche occurrence criteria within
Niigata and Yamagata Prefectures.

In fact, the snowpit observations conducted by the Nagaoka
Institute are done in 4 kilometer increments around the city
almost every day. These data have been collected for 15 years
and could provide valuable insight into the meso-scale climate of
the area. In addition, they offer a unique opportunity to be
used as verification data for any meso-scale weather modelling
that may be implemented. Such weather models are now being
tested for use in avalanche forecasting (Northwest Avalanche
Center, Meteo France, Swiss Federal Institute for Snow and
Avalanche Research) and could benefit greatly from the Nagaoka's
snowpit data set.

Earthquakes: Like Japan, North America's west coast
mountains lie over subducting oceanic plates. This causes
numerous small earthquakes with the potential for large,
destructive tremors. In 1965 a large earthquake (8.2 Richter
scale) in Alaska caused hundreds of simultaneous snow avalanches
within the first 5 minutes of the initial shock. Many more
avalanches shook loose during the 24 hours of after-shocks. In
1980, pre-eruption tremors on Mt St Helens in Washington State
caused several large avalanches to release. During March the
mountain was closed because of the potential for destructive
earthquake-induced avalanches, 2 months prior to the first of a
series of major eruptions.

While visiting NIED's earthquake monitoring laboratory in
Tsukuba, I saw that earthquake monitoring and location techniques
in the United States are very similar to Japan's. In relation to
avalanche problems, I was very impressed by NIED's earthquake
simulation laboratory and do not know if similar laboratories
exist in the United States. Such laboratories offer a unique way
to test the effect of ground shaking motion on layered material
like seasonal snow. There has been little, if any, research of
this type accomplished on material like snow that is distinctly
layered and so close to its melting temperature.

An earthquake of the size that is predicted for Washington
State by seismologists could release enough snow avalanches to
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stop trans-continental commerce for several days. Similar
earthquake-induced avalanches in Japan could block roadways and
destroy villages. A joint study on earthquake-induced avalanches
between the Nagaoka Institute for Snow and Ice Studies, NIED
Earthquake Precursor Research Laboratory, the University of
Washington Seismic Center, and the USDA-FS Pacific Northwest
Research Station would benefit both countries.

8. IMPRESSION OF RESEARCH ACTIVITY:

The Nagaoka Institute for Snow and Ice Studies was a perfect
place for me to base my observations of precipitation type. It
was well equipped with weather and snowfall observations to
compare with output from my experimental precipitation
identification sensor. All of the scientists and technicians
were extremely helpful. Unfortunately, I learned only a little
Japanese language during my visit. However, I was very impressed
by the number of people at the institute who either spoke fluent
English, or who were patient enough to help me communicate with
them.

Visits to other institutes and avalanche sites were well
organized and very informative. Scientists at each location were
very generous to interrupt their work long enough to share with
me their methods, observations, and results. They were also very
kind to share the social aspects of Japan and I was invited to
many wonderful lunches, dinners, and festivals.

In addition to increasing my respect for Japanese scientific
progress, I very much enjoyed learning more about the Japanese
culture, experiencing the variety of wonderful food, and meeting
so many kind and interesting people.

9. RECOMMENDATION FOR JAPANESE GOVERNMENT:

To develop a complete understanding of avalanche problems in
Japan, it would be helpful to look beyond the research
perspective. For example, to learn more of the political
perspective I would have enjoyed meeting government officials who
are responsible for the safety of their citizens and have had to
respond to avalanche problems in their district or town. In
addition, to understand the character of avalanches in Japan, it
would have been helpful to spend more time on skis so I could
have travelled in and around avalanche terrain to witness its
variety and extent. Also, meeting and touring with
mountaineering clubs would have helped to understand the
avalanche problems encountered in recreational activities.
Participation in an avalanche training course also would have
helped to see how Japanese are educated to deal with avalanche
problems.

Obviously all of the acitivities that I describe above are
not possible during a short 3 week tour by a visiting scientist.



B KR ERARRT IR SE R 81675 19954E10H

However, I believe that much of these interactions between
different groups are already accomplished through the Japanese
Society for Snow and Ice (JSSI). Therefore, I would encourage
the Japanese government to continue its support of JSSI and
continue its support of government research institutes (like
NIED's Nagaoka and Shinjo Institutes) and educational research
institutes (like Hokkaido and Niigata Universities). Also, I
believe that it is important to encourage joint projects between
agencies and institutions. For example, research and forecast
methods developed through the Japanese Meteorological Agency
could benefit from research and forecast methods developed at the
various snow research institutes.

In addition, because snow and avalanche problems in maritime
climates are unique from other, more internationally documented
snow climates, I propose that the joint technical agreement
between the US and Japan be used to help organize a world-wide
seminar on maritime snow and avalanche problems.

Finally, Japan has contributed significantly to the world's
understanding of snow and avalanche problems. In order to
continue this role, it is important to continue cooperation
between Japanese scientists and scientists from other countries.
For this reason, I encourage the Japanese government to continue
its visiting scientist programs like this one.

Again, I wish to thank the Japanese Government for
supporting my visit through the Nagaoka Institute for Snow and
Ice Studies. It was a special opportunity for me and I hope that
my visit has somehow enhanced our mutual understanding of snow
and avalanches.
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Appendix A: State of Washington Department of Labor and

Industries, Safety Standards for Possession and
Handling of Explosives.

State of Washington Department of Labor and

Industries, Safety Standards for Ski Area
Facilities and Operations.

Appendix B: Depth of Snow on the Ground
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B\ 2)
Report of The Bilateral International Joint Research by Special Coordination Funds
Promoting for Science and Technology (FY 1992)

1. Research Theme

A study on the release prediction and the impact force of surface dry snow
avalanches

2. Implementing Institutes and Principle Researchers

Japanese Side:

National Research Institute for Earth Science and Disaster Prevention.
Science and Technology Agency

Tsutomu Nakamura

United States of America Side:
The University of Utah
Rand Decker

3. Total Expenditure (Yen)
¥4, 947, 000

4, Summary
Recent catastrophic avalanche disasters in Japan were caused by surface dry snow
avalanches. The final goal of this study is to prevent these disasters. The aims
of this study are to establish a method of artificial avalanche control that is
based on meteorological and snow cover profile observations being carried out in
the US and other countries, and to carry out a preliminary survey on the avalanch-
ing snow impact forces on a pylon.

The joint research products are summarized as follows;

1)Avalanching impact snow forces were measured and recorded on the six pressure
sensors and on an accelometor fixed on a pylon, 6 m high. The data will be ana-
lyzed to know the interior motion of snow particles of the avalanching snow. The
avalanching snow was either naturally released or artificially released. The
detailed analyses have been carried on.

2)The movement of a snow avalanche released artificially by the aid of a dynamite
thrown from a helicoptor was recorded in a video camera and a still camera.

3)A house destroyed by a natural snow avlanche was surveyed in relation between
the avalanche and the structure of the housing, especially in its shape and the
degree of fracture, as well as the amount of the debris. The debris of an arti-
ficially released snow avlanche was surved, too.

4)Snow pit observations were carried out. Snow-ball making experiments were con-
ducted, too.

J— 44 —_
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5)Experimental tests of an air gun explosion for the release of avalanches were
carried out.

6)Part of the analyzed data of the joint researches was presented at the IGS Sym-
posium held at Nagaoka, in 1992.

T)At the Utah-Avalanche Center, the activities of the Center including the usage
of the meteorological and snow data, and how to forecast the avalanche danger
were introduced, and discussions on them were done between Japan and US
researchers. These data were used at an upper guard station for researchers to
make an action-plan in each day.

8)Probable "Joint research projects between USA and JAPAN were discussed with Pro-
fessors R. Decker, N. Fukuta, Utah U., and J. Lyon, Ohio State U.

9)A lecture entitled "Predicting snow stability with weather data” by an invited
foreign researcher Dr. Sue Ferguson (stayed Jan. 11 - Jan. 31, 1993) was held on
January 25, 1993 at Nagaoka to which about 30 people attended. Two joint obser-
vations were carried out at Mts. Ohkenashi and Tanigawa(Tenjin-taira), and "Rain
on Snow Disasters”™ as well as the snow avalanche disaster reduction were dis-
cussed among Japanese and the USA researchers.

Publications
Nohguchi, Y. (1993): Horizontal heterogeneity of snow cover. Annals of Glaciology,
Vol. 18 (in printing)

Ferguson, S. (1992): Joint observation of snow avalanches in Japan (Report of Ac-
tivities). Report for the STA (pp.1-16). With two appendixes A and B; A: Safety
Standards for Possession and Handling of Explosives. Chapter 296-52 WAC. Division
of Industrial Safety and Health, Department of Labor and Industries, USA, pp.1-76
(Reference: 88pp.), B: Safety Standards for Ski Area Facilities and Operations.
Chapter 296-59 WAC. Division of Industrial Safety and Health, Department of Labor
and Industries, USA, 42pp.

Clayton, A., Decker, R., Richardson, C. and Abe, 0. (1992): Installation Design of
the Avalanche Impact Pylon Facility, Alta, Utah. Proceedings of the ISSW Meeting.

Remarks
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