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Abstract

This paper summarizes the results of the research project entitled "Study on the development
of the information system of snow and icing on the pavements for road maintenance,” as follows :

In the Toyama and Nagaoka research group, through heat balance analyses it was recognized
that atmospheric radiation, which corresponds to long wave radiation from the atmosphere, was a
key variable for predicting icing on the road surface. The atmospheric radiation depended largely
on the type of weather. Therefore, statistical equations based on the multiple regression analysis to
predict the minimum temperature of the road surface were derived for five different types of
weather at two locations in Toyama Prefecture.

The average density of the daily fallen snow calculated by a rain/snow gauge showed a

smaller value than the snow density measured by the snow board with a vertical scale. A multiple
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regression analysis was best among the five analytical methods used to calculate the newly fallen
snow depth. The information network system on snow and ice conducted in Toyama Prefecture
was revealed as one of the best in Japan through this survey.

In the Yamagata and Shinjo research group, a proto-type of an information system for snow
management of road maintenance was designed by the analysis of the weather patterns and specilic
conditions creating snow and ice troubles in winter. To adopt this information system, the
following four techniques were derived :

(1) Based on the data obtained by a snow-weight meter a technique to calculate the snowfall
intensity was derived.

{2) A technique to judge the snowfice type on the road surface was derived.

(3) Based on the minimum air temperature of the previous day a technique to judge if the road
surface would be covered by snow or water was derived.

(4) Based on the intensity difference of the polarized light reflected from the road surface a
detection technique to determine if the road surface was wet or dry was derived.

A numerical simulation of drifting snow onto the road was carried out by which the degree of

the danger of snow drifting on the road could be predicted.

Key words . Prediction of snow/ice, Snow/ice/water detection, Information network system of

snowfice, Snow drifting, Snowfall intensity
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Fig.1 Principal roads in Toyama prefecture and positions of micrometeorological observation.
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Fig.2 Schematic view of the micrometeorological observation (at Higashi-Nakanoshin on the
Toyama-Tateyama Park road).
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RELATIVE TEMPERATURE, °C
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Fig.4 Temperature drop for different weather patterns.
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Fig.5 Lowest values of road surface temperature and air temperature for various types of weather.
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Fig.6 Temperature readings of different types of infra-red thermometers, after a sudden change of the ambient
temperature. The Infra-red thermometer type A is the best among the three.
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Fig. 7 Relationship between the positive difference of hourly snow depth and daily fallen snow depth.
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Fig. 8 Comparison of the daily depth of newly fallen snow estimated by multiple regression
analysis with observed depth.
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Fig. 9 Movement of the hourly snow depth difference.
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Table. 2 Schematic diagram of a prototype of the snow information network system
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Table. 3 Function of the prototype of the snow information network system.
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Fig. 13 Route along which snow and ice
conditions on the road surface were
surveyed to establish a new
discrimination method for road
maintenance.
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Fig.14 Classification of road conditions based on the surface temperature (T) and albedo (r) on the road.
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Table.5 New classification of the road condition covered with snow and ice. Each zone of A to H is defined by

the combination of the road surface temperature and albedo.
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Fig.15 Discrimination of the snow road condition based on the minimum air lemperature in the last 24 hours and
daily new snow depth at 9 o’clock on the present day.
¢ : Boundary predicting snow or wet road surface based only on the minimum air temperature in the early
morning. d : Boundary predicting snow or wet road surface based on the minimum air temperature and
daily fallen snow depth.
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Fig. 16 Schematic diagram of an experimental set up to obtain reflected light from the road surface.
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Fig.17 Calculated snowdrift on the road, shown as the white part on the road. The height of the snow is extended
three times as large as the cross section of the road.
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Fig. 18 Photograph of a snowdrift on a road, occurring on January 26, 1990, courtesy of Abe Construction Co., Inc.

LORL7Zz, BITIRT &9 1, BHOBEIKEE Y ORRICKE (ERLTEY, £0
BB EETEICIRES @Y AR ST 5, BEISmiEL ED 8y — 1%, HI8IZ/RT B
BEEER—HKLE £, A¥Ialb—2arildioT, BEKRIE) ORFERES, &
HRES L CREOH EKTFNEE, AR ER & BTEN T TEHE LR RS A &
BEA G, BERESE) OEBEZTFETLILIETEEEZ OGNS (KEIEh, 1992).

6. EhHHI

HA, BINEICESKER AT LIIFEEL, EHERTWS, LaL, IWEETIETS
vy, ZOMERER, BEEEOLTI I IEORRTH LD, ZOWHEOFTHE < OH

— 102i—



BV A TR RIEM S AT ADMRIZHT 2RO —— S - A

LWHIRASF S 7z, HAHOFHRS A 7 A% D L I3 LWiEHhS A7 A OFER 2,
NG OIERENRCICRL DT EFHFF LTV A,
BiRIZ, ZOMREEEITT 524NN TS s 2BREMICEHTHLDTH 2.

3

4

5

10

11

12

13

14

15
16

17

—
o]
i

19

N

)

S

)

)

)

—_—

st

=

)

T XMW

FTES A% (1992a) @ BEREEINEIZ L 2 EWSKOHG. bR seits, 505,

145-167.

RfES 5 (1992b) @ BREEEICE T 2 HSHREEROMEEEHIE. B2, 8

50%, 137-143.

FIEE 4 - ANERE - BEEL - hRFE (1992)  MESEEHIC I AREMEOHEE. BEBEE

el sEIT AT S, #550%, 115-122.

MHALZ - BT - BIER - AR E (1992)  BEFGEEE dEE TR TEO M. BRREE

ATFERrTFE S, $60%, 193-231.

FTHEAZ - WBIAT - R)IFEE - G IE (1993)  BSHE-BEITES PUFEOBR. BEE

Ot FEA i e, 8551%, 209-219.

AR (1993) D RIGIC L ABED (i) o, PRS2 HATIE s ie, #6515, 203-

208.

I - 5 B - RSB (1993)  ILFBEAOTUEER D R T AOEE. B EREERTIT

pitesier, #$51%, 221-246.

HRIESE - EAEAED - WA (1992) © MEHECEEIC BV LS IS T BT, B KRR

Bl FERTA FE SRy, #6505, 169-191.

At (1992) | TAREH VAT AOMBICET AE5. PR BEEWITRETIIEERS, $507,

233-250.

R - fERFE (1992) B LBV EEY 2 2L — Y 3 v, BEERFERIRRFSE IR sE 3, &

50%, 123-135.

EAKKEIGER - PRIES - WABIET (1989) | MEH-CEROBMRERE. HHEMS v RI v 4

'BOHIEER LA, 199-203.

Shimizu, M., Nakawo, M. and Takahashi, S. (1991) : Characteristics of road surface temperatures in a snowy

region, Japan. Procecedings of Japan-U.S. Workshop on Snow Avalanche, Landslide, Debris Flow Prediction

and Control, held in Tsukuba, Japan, 125-132.

Shimizu, M., Nakawo, M. and Takahashi, S. (1993} : Measurement of atmospheric radiation for winter road

management. Proceedings of the International Work-shop on Winter Road Management (IWWRM), held in

Sapporo, 1993. in printing

SR - PRIES - TEARBANE (1989) @ MEES B OB, EHEWR S SRV 74080

FE G U, 195-198.

WL (1987) @ BINESEHREE Y A 7 ABEERH S, 1-180.

ME & (1993a) : HAREGFE2BHICE T 2 HESHEOBERSA L FHMEIZO T, BRHE

B At s, &552%, 51-67.

W B (1993b) | KHART— § LS CHRTROETEII2WT I —WERILE E0EG

Mrit—. BFURFHA AT ey, £525, 69-80.

Yamada, Y. (1990) : Distribution of new snow density in Japan. Proceedings of the  5th International

Workshop on Atmospheric Icing of Structures(TWAIS'90), B5-2-(1)-B5-2-(7), Tokyo, Japan.

Yamada, Y. and Ikarashi, T. (1992) : Simulation on depth of newly fallen snow based on AMeDAS data.

Proceedings of the Second Internatienal Conference on Snow Engineering(Special Report 92-27 of the

CRREL), edited by Wayne Tobiasson and Edmund Wright, 169-178, Santa Barbara, California.
(19934% 8 A 9 H 5 A )

— 103 —



B SRR BRI ZORT AT ot 88525 1993412

&1 MRSNELE
Appendix 1 Colleagues incorporated in the project.

K % B B X U R

A | BISCREEEGRETERT R EOKRL S FEERATIERT R

Af BE | AL HETRES KATFE &

| &, | [k RS SRR 1 IR =&
TR EE | [L FRbR Bk S EERITFERTER 2 i ==
MO #88H | FLE KB K LB TR EAERFEE
{AKIEIGEE | [FE F lﬁ £y ‘“%%ﬁﬁf P EERTEE
By EA  FE HESKE S PrEKBIICEE 1 iFREER
H@ #k | FE FEZKEEY ﬁ)fﬁi}’ﬁﬁﬁkﬁfi“‘%zﬁﬁ%iﬁ
FTER & | FEL FHE F KBS SRR FE SR EAERFFE

ik &R | FE %Jﬂiaﬂiﬁj’“‘ﬁifni%fffﬁﬁnﬁ
el W0 FE HETOKBE S FE i EICAIEE
wfE BT | LR IRRE - #dg

FiE MF | ERIESTEMPR - BhEdE

BEEET | BIURCEHERS - KEMREILE (IE63EME)

Pig IEfE | EIRAEERS - AESEER R CEBROCERE)

B F | SR ERRE - KERESER (P2 £5)

R FEK | BARRRWS - FFERTE 1R

ftH AZ | HERSWS - bt > & — - BILSTHRATR

ER AT | %R S - et > 5 —FgRE

A & HAZRSIHS - PRAIRRE R

A Bl | HARRRWGS - bkt > ¥ — &R

I Rk OARSHS - bt 5 —REREH

B GBS | IIREeEREnEEmRRE (63 - FHOT4RE)
g EE | IEREEEREI AR R (2 4250

KM gh | BRI R (RG34

b KK | ERAEFRES AR (TRITHER)

RE 2338 | MT S ERBFFERT - Tk




BRI BT AT RIER Y AT A ORRICHET S EOMS — S8 - AH
%2 R EERE DL
Appendix 2 Members of the promotive committee.
K & Bt &
ZRRE HFgE RMEMR KRR
Z H RIUEE (B &) BIEEERRHE
% R feBfix (FATEE) LIFRALRR i T R 2 £
Z R ILWTER Getd &) BT R
Z H /A &— B RFEIE
% B doEBF B IR R
% B RRFEHE AR #%
Z B N # RRESKEGICEBR TR
Z H AHEE B SR SRR =
¥ () MikRTEE

— 1056 —




