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Prediction Model of Snow Depth of Snowdrift
on Highway Based on Back Propagation Neural
Network
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Abstract. As the research focus on international snow and ice
field, snow depth prediction of snowdrift on highway still has
not been well solved. Based on meteorological data provided
by automatic weather stations installed along the anti snow
corridor on White Snow Mountain and meteorological bureau,
index values of four factors (snowfall, air temperature, wind
speed and humidity) which have influence on snow depth of

snowdrift on highway were extracted and prediction model of

ks B 2016—-06—13

snow depth of snowdrift on highway based on Back
Propagation Neural Network was established. 199 sets of data
during five snowfall in study area were used to train network
and establish model, then 20 sets of data were used to validate
the model.

accumnulated snow depth predictions in 20 hours is less than

Validation results show relative error of

10% and 85% of relative error of snow depth predictions is
less than 20%. Therefore, the
generalization ability and high accuracy. Sensitivity analysis
of snowfall,
indicates that snow depth is directly proportional to snowfall

model has strong

air temperature, wind speed and humidity
and inversely proportional to other three factors, wherein
snowfall has the greatest impact on snow depth, followed by
wind speed, humidity minimum.

Key words: snow depth; prediction model; BP ( back

propagation) neural network; sensitivity analysis

R E (XFRRAF WD A [IEHE SR Ti8fT
PRy 3 TR 1) A< T TR R I TR TR 1 R XL
HBEBITH—FRIUE, EX HARSHEH 4
BERfEM. MRS HERE BN ERRT
WEW 3~8 15, BHE S HERE . HRFHMENT
=2 AN B RIR AR SR AR AL P 6 P R X A 2
IEEE L —Fh B AR E , B AL BE P, P 2E
2838 5 & B BT PHL, 1E 25 T S0 I 7 R DL EE 9%
i, R AR HEEMAMARGT, A ERI AR
b S NP2 2 R

ERSMEF AR AR E R ER TREZH
5%, Uematsu %55 R H A BRIC T IABEHL T 20 %
RRE AR, Bt AR E s RN 27
W7 BT AN TR 5 Sato S O $ (B A H0LA5 H B
SR RS RGER 5 MR S iz R o A, BB S
B ) 152 1 48 L 4K 9 s Thordarson 455! J F CFD

HfrE . EARI1963—), B, #, WE SIW, T 1, BRI M b a0 J1% M T S AaeEub T TR,

FE-mail; tjxiaccb@126. com

SEIRNEE: BAWR 977, 2, YR, T+, EERFSY I 7 933 TR, E-mail : xudongying@usx. edu, cn



HEo5H

AW, % BT BP MR ABNKES

PRI AR 7R 715

(computational fluid dynamics) F1EF #0090 > A &
57 RS K FHLIX S B EN, ot 45 R
A 3 s AR T TR R E 4K 48 5 Yamada 550 15
T —FR RN =B SR, SR E S AWM
AR L, B SR HE R 3 B FLBR A kb
PR T R b X B B T A B LR e R
T8 AT B AR R R RIS B 1 B B kS ik
AL X R R 5 A 3 I e 0 A BT R R AR
Wik <2 53 B BT BB B R R R 2R B
BN A R A B R IX A B 2 R B A T T
VA, 30T T B TR XN B IR 25 25 A R e R 22
FERIEHEN RGBS T ABRRRE K HERER
LB A B i, 08 T AR S IEARIE B 71 7 0L
il 4 T R E TR I TR ; RS A XA B
RS K EBRIGHARFBREEARRIT THRA MUY
W HRE B NFME SR Tabler ¥R &4
K& KBS E FPLE] 8 R B R T A R
FA 0 A8 0T, A i 7 o 28 /] LA F )
HER M IR E 5 BN B ENIES, N
BT R AL T SRR,
BARENIPEEX AR R REFRE T K&
WEST (e F A B KUK E T B (W F 55 SR R 2
2 B PRR 25 25 R I A Ay [ P25 ok 03 A A 5 A
FUFOXE 53 ) B, — B 2K BB AR 47 #b 4% Y. Tsuchiya
OO KRB AL L XU GRS T RS R A
530 b T KOV B0 R BE 2z ) B AR R R L (HIX
J7 ¥ FURE R P 1l )RR TR R R RR 25 s A 7
JE S SEHOTE Tsuchiya SFHYBF R EAL EXTHE
B &SPl Niip) S A S i I BT Y S S W Al UM i iy
THReE, LI T S TREE T, AL TE LA S
B FRARAT, HEPR AR ERERLEARNGER
BAHh FHER M6 ZR R 3K 5 SRR B d 51 A B A%
HORF B I & A XK S HEAR Wk B k) A Fi
BT ABARE SR, (DX EXT FHllg R k=
WAEL RIS , JOWR B A A A ] SR RO s B RTOC
TP X R RS T N AR B 4 iR
B (B B R T b I 45 2 EL B AT 2% i A B 9 R
EHTABNRE S WG, 4R 30HF BP
(back propagation) # 25 W 4% $& Hi T —Fh 23 B KR

1 REXRE RN

1.1 BPHEZNENEE
BP #£ W 4% & —Fh i iR 2 AR B U 4w

Z 2 A0 N 4%, = B RIS B 2 I 4 A A
Z—. BP M MEH MR IMIMA R AR RE
TR, Z M 28 BA TR IR JE R B RE ST, —
3 |2 BP #a M4 OR &% =) BE LB £ AR
2R PR 1T (HR 4§ Kolrnogorov fE Hll) , — 4~ L
B 3 J2 BP MM H MK 1 . K, x=
(Z1sz2s2 s )T y= (31532520 ’yn)ﬂﬂﬁ/\fﬁlﬁﬁ
o a1 B, oy T w S B HA R (& 2 B IR A&
R AR RS, T =1 J o JO R K=
(K1 Kooy Ko )RR B8 2 R 2 B 220, K
B ko g3 D B TR R R R B T BB
9] :((911 9(911 [ 9(9]/;)%[] 6K:(9K1 96K2 9"'9(9Ko )%%U%J
B J= A th = AR 20T R R ML

E1 3E BPHEME
Fig.1 Three-layer BP neural network
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Fig.3 Flowchart of prediction model of snow

depth of snowdrift on highway
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Fig.4 The anti snow corridor on White Snow Mountain
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the anti snow corridor
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Tab.1 Meteorological data
KR KR THHBRER/ SHE

WE/ ®E/#/(ms (om-  fLR/
T % s kY (mm-h D

SE s

1 2015-11-23 22:00:00 —1.5 30.3 0.4 0.1 2
2 2015-11-23 23:00.00 —1.9 3.7 0.3 0.2 4
3 2015-11-24 00:00.00 —2.4 33.3 0.4 0.1 2
4 2015-11-24 01:00:00 —2.6 33.8 1.0 0.2 4
5 2015-11-24 02:00:00 —2.8 35.3 0.6 0.3 6
6 2015-11-24 03:00:00 —3.2 37.5 0.6 0.2 4
217 2016-1-8 07:00:00 —10.0 71.4 0.9 0.4 7
218 2016-1-8 08:00:00 —11.2 74.3 0.7 0.5 9
219 2016-1-8 09:00;00 —11.3 75.0 0.3 0.2 4
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Tab.2 Monitoring values and model validation

of snow depth results

BiE  MME/ TME, || BdE MEBME/ TRWE/
%S (mm+h™) (mm+h | %5 (mm+h?) (mm-+h1)
200 —10 —8.6 210 7 7.9
201 2 1.9 211 12 11.4
202 2 4.1 212 9 9.7
203 3 6.0 213 8 8.0
204 5 6.5 214 8 9.4
205 8 7.0 215 10 11.4
206 10 9.6 216 7 7.8
207 10 9.7 217 7 7.0
208 6 5.7 218 9 9.1
209 7 7.5 219 4 4,1
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Fig.7 Monitoring values and predicted

values of snow depth
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Fig.8 Monitoring values and predicted values

of cumulative snow depth
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Tab.3 Reference value and range of factors

S8 FeER/ R/ IR/ wE/
= (mm e« h™1) (me*s™) C %
FAEE 0.3 1.6 —5 50

ARALTE R 0.1~0.6 0~4. 0 —10~5  20~T70
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Fig.9 Snow depth range with different factors
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