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Climatic characteristics and SVM forecast model of subfreezing

road temperature on the expressways around Jiaozhou Bay
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Abstract: The data used in this study is the 5-min observations of 14 traffic weather monitoring stations
located at the beginning section of G22 Qinglan Expressway and Jiaozhou Bay Bridge. The frequency and
occurrence time of subfreezing temperatures (¢<0 °C) in winter on the expressways around Jiaozhou Bay
and their correlations with meteorological variables are statistically analyzed. The results are as follows.
The risk of icy roads in winter is generally high in the study area, where the frequency of subfreezing road
temperature is higher in the southwest than in the northeast. The diurnal variation of the hourly minimum
road temperature follows the same pattern with the hourly minimum air temperature, and throughout the
day, the minimum road temperature each hour is higher than the minimum air temperature. The air
temperature and road temperature at 14 .00, relative humidity at 1800 are positively correlated with the
next-day minimum road temperature, while the wind speed at 1800 is negatively correlated with it. The

prediction accuracy of t<<0 °C by the support vector machine (SVM) model with optimized parameters is
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87.78% , higher than that by the multiple linear regression model. The improved performance is verified in

the test of independence, which offers significant guidance for the application in icy road forecast service.

Keywords: Jiaozhou Bay; subfreezing road temperature; support vector machine ( SVM); multiple

linear regression
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Fig.1  Location and microenvironment of traffic weather
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Qinglan Expressway and Jiaozhou Bay Bridge
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Fig.3 Frequencies of subfreezing road temperature (1<0 °C, i<=2 C, <=5 C) at 14 stations

2.2 BHEIBERKEBEEREBEZHIFE
FHEE R R F ) i R BB — 2, ST i
SR AIMERR A IR, 1 LIS TR 5 e R AR fE A AR
KZR, JUT LA 2 X3k P 6 T R B AT IR &
(RIS RS AR T A0 iE e B e i E AR i
DA, B G, TR I T 7oy 45l S 2 2 st e {1
SRR s A A % T U B (S5 SRR R (AR
“HARIES TR ) 5 LUK, 1545 B R AP i 1 i A1
T 0 C 1y H B3 S A (P TR A — K AR 1Y)
FH & 4a WT LA M o5 056 TR0 00 B2 R A A< H
AR R FEAR — B, 4 KA A VR e I B T L 24 v T
AR, B PRI TR e K fE HH BRAE 1300, 7 T
ISR 1 b, I H =35 2 (78 S {E X (12:00—15:00)
R, R ZE(HIR R 3.81 °C 5 e AR 11 R AR AR S
Tk fe/ IMECAT HBAE07 .00, #RAK T 0 °C, HZEEAK,

IR T i 2

—— el

10+

iR /rC
B

T~

-2 L L L L L L
00:00 04:00 08:00 12:00 16:00 20:00
i 1]

(a) FfGiRE

HH 1] 4b KT, H SR A3 1 il 5 1 300 A B ] B %o 42
I IAE06 :00—08 : 00 M43 90% 5 e A i 1T
MEERES] 0 °C LU By 5 /ME 4.05% H BLAE
14.00,18:00 ZJ5 B B A8 K, e K 1H 53.60% 3K
1 0700, ZBERARFK, H 5 5AVHRAY H ARk 3
AR, 2= HYEmHETE 18.00 Z /T, 5F4%] 0 CLL T
AT R 38 GRS T]— 50, Fh I AT D0 A S 0 5 e 2 f ¥
e R TR B A EE L5, O T ORI TR (I
I H 25 EAR R 65 1T 285 KOG I Ji 22 A T FE B ), 45
SR IR B T I B ) 43 A AR AR B, R AT 14 00—
18: 0015 42 748 it S B A T 18:00— 1K H 1300
(Jr SCRATFR A B H 7 ) SRR T ek B8 & A A O
23 HEREBESSFEZRMNHEXME

SVM & 4 JSAE Y | PR b (s FH 132 (1) 5% v 3k 2
SRR E] 0 C UL AE N AR i, 22 02 o ml T A A
A R T B UR e 1 B 1 9 A PR A

60

— TR <0 °C
50} —e— [ e fIR I 1A I
40

Ao a

0 L - -l
00:00 04:00 08:00 12:00 16:00 20:00

2]
(b)) MG B

Kl 4 il B2 R il B H AR Al

Fig.4 Diurnal variation of the minimum temperature and frequency of low temperature



84 g A

% ¥ i

43 4%

TEREFRRL Y F AR H I, [ A2 5 AR 1 )
PR G LR SRR 225 i, [N X
R 5 AR E R TIT i, &1 %4
AR B IR AT 6 SRR SRR B H i
AER S 1 7L JBE RO AH 5C 5C 28 DA K 35 PR K P AR SR 2 2R
THAEE R 1400 L 14:00 1B F1 18:00
RS EE 550 i (R S T 3 JEE AT O PRy, G 2R
WL 0.4, JF HAf@ o 7 R FMER S, 14:00—
18 : 0 A2l S e 1 3l B2 1) T e B2, JLE T ol
R S B T IR, OGBS R AR, AR iR
SRR H e AP i v it O IR AR G, {HZ AR SC R
BN DG ERESS . T 1800 XU 5 4 [|] 3 vk H
(VR B T 8 S R G A O, D DX A s R B v R
it B AT BBV

AR R B P F S E IR LAY
—HRREL ST SVM 7k i Jr R B 7 B8
ARAER )77 G B BT IX 0 1 P AL F A2 i 2 )2
MHEAREZESR, DA YMWH AL RN, A

15.0

125} P
100 / \

751 / \

A%

5.0+ / \

2.5} / \

SilhreC

(a) AR

25F

20F

HE2R55 /%

1.0+

0.5F

0 20 40 60 80 100

X%
(e ) AHXTRE

—  RIABEKE PR IR AT T0 °C

A A RE S e xR ) BURGR A AT PR, E e
6 2H A AR L) B L e] e A BRI A5 20 S A,
VECH R 4 A28 8 ) P A B2 (181 5) EA TR 1L
2L, F AR RLAE SR Al DL AU | 6 Tl R S O
R I R R AT A 2 5 22 57, Bl
i X LA ] UK 8] 7 Y BRI AT — E B
BRI DX, TR O 28 B0 00 XL 3 7 2 22 S 3R B 0 A
WF, TR BRI, B 2R B R AR SR o A R 22
SRR A R R A AR R

x1 6 NMSEERXEREEXHRRBEIEEEXRH
Table 1 Correlation coefficients between 6 meteorological
variables and the minimum road temperature from

18:00 to 13:00 the next day

A AR & P MK
1400 < 0.59 0
1400 F& iR E 0.43 0
18 :00 AHX i BE 0.42 0
14,00—18 ;00 F&MfiAs i 0.19 0
14.00—18:00 =S A8 IR 0.09 0
1800 X -0.12 0
12 t
J 10 [ N
& N
=8 / \
&= / AN
/! /
ﬁ; 6 / \\
= / ~.
4 / N
/ AN
2 // \\\
Ve
0 — n "
-5 0 5 10 15 20 25
TR PC
(b) IR
N
i
i
B

W/ (m - s7)
(d) K

—— BB B A BUS IR R T0 °C

K5 Al EUCH A BB TR IR T 0 SCHAR BT B0 7 A B A4 5 i 20 Af
Fig.5 Probability density of meteorological variables with or without subfreezing road temperature occurring

from 18:00 to 13:00 the next day



%5 3 1) RHEAE L BB v g T Rl A A AT SVML PR AR Y 85

3 HRMESEEE(RETHRES

3.1 BEZEEASE

FE AT NI T 4 PRI AR A &
(R2), HE A S WIR RS & R R L
{8,416 B AL PRI B2 A0 it 5 R OGP 95 K 1 R %o
B A C S T AMEENERNER A4 D
£ 5 4R 6 AR | SAERE AT LA B i Al R R 2
AR A P Z X TR CR s T LA e B AR
25 PR 1 A DG 2o TR SR R R

k2 BHEEBHAAE

Table 2 Combination schemes of independent variables

GE T HETENE
A 1400 S 14 .00 [ 1 6 BF
B 14,00 ik 1400 H& MR (18 .00 AHXHIE A
14,00 i 1400 B TR (1800 FHXHIR B |
C 14.00—18: 00 25 < A% ik . 14: 00—18. 00 f# Ml

IR

1400 S 1400 H TR (1800 AHXTR AL |
D 14.00—18.00 z5 < AF L . 14 00—18. 00 J% i
AR 1800 K

3.2 RESHIAR

TEFRIEM T 14 Pl 2015—2020 4E & ZE%0 4
ik 6 720 HAREA, b TGS A Z [H]
WS ESE, N HAR R TIH — R R, B
T SVM 4326 MERE 2 4% pR B S B RO s K5,
P RRAE SRR 5 S A8 R IL A T SR GR B

LI UE R VAR AR 3 K 4, 7 K
P, U K- 1 YR N gl , o0 — 3 Bl
M XA E R KK, —RIT O 2 | ok o, (02
THA B ] S AR BN AR RV R AERI R

IS EARTE N AR R C T RS 4k y
A — A 2 TP SR B B A0 R
FE AR R 28 K43 A5 K B A | BT X6 2 S 8 A T
Yk, BB (C, v) SEMH, TEHIK SVM
A B S ) RBF K2 pR gk, 308 ¢ Fly 1Y
BUEIERA[0,100] , 38 XURAEYTAL K=5, R FHAE X
Ko UE P AE RN A H AR A T ST, S
C=32,y=0.6 I} BIRLAER R
3.3 TRERXIEE

PIFPSE T TR AR R 2855 S BRI 5 13U & % 2
TRAER R AR 3 Fn, iS5 SVM BB BELTF-17
Fedg, Horp Z o2t [mE Jy ik i 00 65K 5 i R 2
W B 2 A 0 R TR) B AR B T IR R
“1>0 C7H5“r<<0 C7 P2, FH-55 SR W 2] 1) 2 5]
PEATXF LG, Pl R ] UL 19 e R AR AR 1 A v TR
HERR 38t IR B 1 RS B TR B AR R A &
AR KRR ¢ 41, ) Hs TR & IA 4 R
B D 4, 2 B A R ARk R 2 %o T 782 i) 6 1 R 7
KA TR EE 10 H [ A8 AR 2 My 7 g
PR A 2 o7 122 i R 6 5 PR A o DGR LA 1 A
Anig, [AIEE 285 3R vl 0 S 5 T TR B T IR
“1>0 °C75“r<<0 C” B WHRAER R X = 3K
TSN T 2 5 A T A A A B T o i %, o
IR TR F i ) 3 43 2 T 4 2 25 i, XU
IR E AR & A g ok M fE R,
C 21 v P B 8 1 T i M i R A5 21 T 84.00% LA
I o SVM R ST R AR R 87.30% | I 1
MREE <0 C R MERH 2 87.78% , #kWg & T2
JGERMERNE , PR e BR e P VS v il i, 280 B8
DA S AR i o ALASE 702 B ) TR A

®3 WHRHREROBSERHRERE

Table 3  Fitting performance and accuracy of two forecast models AT . %

ES N el iR >0 C Hidl t<0 C TR
i e A St P I
AR WA RS HiRTiE iR
A Z IR LRI 76.17 76.34 65.01 84.02
SCHEm AL 77.33 75.82 70.30 79.55
B ATt | 79.97 79.99 76.80 82.15
KM 81.49 82.07 77.49 85.16
c Z IR PERIA 86.44 84.67 83.24 85.64
SCHEm AL 90.40 87.30 86.53 87.78
o ETtsq e E| 82.74 80.43 78.64 81.65
R L 93.12 85.86 84.32 86.91




86 g A

% %

43 4%

4 HE{RETHRREE

3 o R A 5 P A vy s e AP U ) BT )
TE K0 R -5 A, R SRl RS RY 25T 1 B
M VA vy o 6 AP PR ASE AR Sy e — 2D A
P 28R, LT 2021 4F 4 2R (2021 4F 12 H—
2022 42 ) B, § AR S oR AR 2 TR
BT % C B SRR AR BN 90 4>, R
DO0401 3 DO410 3 A1 D411 3t 2021 4F4 Z 54 ik
W R AEA B TR B, B 1L Al R e g 2R (3R
4) T AR AA TR A R 5 T 80.00% , Ho i
PTG A A5 43 3l A5 B TR ¢ << O °C A TR I A
FiHE1190.00% , i A AL ELAF — 2 1Y S PR oL FH AN
FR 5 72

R4 1 HETHRRBEMIREER
Table 4 Test of independence of the SVM forecast

model for 11 stations AT %

we o w0 GG e<O0 IR

WERR MR
D0402 82.76 77.14 86.54
D0403 84.39 75.28 94.05
D0404 83.07 73.68 93.39
D0405 82.11 73.48 91.88
D0406 81.35 72.52 90.82
D0407 82.01 75.62 87.64
D0408 81.31 74.44 87.04
D0409 80.27 72.26 87.19
D0412 80.56 72.55 87.72
D0413 81.24 73.42 88.14
D0414 81.19 73.78 87.65
FIH 81.84 74.02 89.28

5 #ie

FIFHERBE NS (G225 24 v ke R B B i N
KM ) 1Y 14 A 1 3 A28 SO b 2015—2021 4F
H7a&FT(12 A—KE 2 H) IR 5 m e A
PR EE  XUa] AR A5 5 min (A WENEER, GEit43
BT T BB V5 v T S T AU ek s 00 3 | ) S ) A
TELA S S5 RG BRI, 5T SR AL 2
pIvesn A= = VAN BN L RECR =B AT (AR @ g1 TR
FE ¢ <<O °C) FHURABE Y | J: b R 760 15 42 250 SR R4 0T 1
Ko 5 DU R R L .

(1) & Z5 B 5 M V85 5 R B 1A 45 DK RIS 385 3 45
o S TR AR IR %) e KA R 3K 3 85.50% , 25 (8] 40 A I

S PR o AR AR B

(2) XoF 45 3t i B0 SR ST A5 | /NS S A1 1 T
T AN B IR H A AR IE S AR — B, & Ko
/NS e T 5% T 9 2 1 /NS AR

(3) FEBE HANIR 5 AR R MK &
P, PNV e 14,00 I | % 1D BE T 1800 AH
X 55 R 1 Rk H e AT 3% T 3 R 2 D A G O¢
2, HAR PR T T 18,00 XU 572 ] 7k H A1
5 TR YRR A 5 R B (L,

(4) PIFPGE TS fiz oo T o 1 0 12 1R A
AR S TATRE R | A R R B 1 AR R
B AR AR, o 23 SBOMPER) SVM AR E
TR, BT ¢ < 0 °C T4 U 1 3 5k 3|
87.78% , FEAEMM N7 M A 30 vh A5 B T IS, X S B
RS HAR SR L,

IR AR SCASUAHE FH 28 38 A5 4 L 3l 5 8580 1
BRI i ASEL, KRR 2 RS R 4%
6 TR O AR ) s e, T — AR R DL R T R
RAMGE

Sk

(1] FHRM,GRFF, 2N, 5 ZFEH A B e L5
I B BUE R B BT [T R B, 2018, 46
(4).773-784.

(2]  FEaLo, G RFF RARBE, % YLK ]2 7R A TR %
TET 3L T R A I [ 0] /30%:,2021,47( 1) :82-93.

(3] AR X0k, bl . 55 T ol 22 100 2% 1 0% 1 Vi J32 A 780
HEEKEHIIE [ 1] A % ,2022,67(10) :409-414.

[4] KARSISTO V, NURMI P, KANGAS M, et al. Improving
road weather model forecasts by adjusting the radiation
input[ J]. Meteor Apps,2016,23(3) :503-513.

[5] MARCHETTI M, KHALIFA A, BUES M. Methodology to
forecast road surface temperature with principal
components analysis and partial least-square regression:
application to an urban configuration[ J]. Adv Meteorol,
2015.1-10.

[6] CREVIER L P, DELAGE Y. METRo: a new model for
road-condition forecasting in Canada[ J]. J Appl Meteor,
2001,40( 11) :2026-2037.

[7] HANDLER S L, REEVES H D, MCGOVERN A.
Development of a probabilistic subfreezing road

temperature nowcast and forecast using machine learning

[J]. Wea Forecasting,2020,35(5) :1845-1863.



3

RHEAE L BB v g T Rl A A AT SVML PR AR Y 87

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

RO 4 BRI TR S I YL P AL TRAG R BRI SR [ 7]
AR ,2016,61(10) ¢ 1-8.

LIU B, YAN S, YOU H L, et al. Road surface
temperature prediction based on gradient extreme learning
machine hoosting[ J]. Comput Ind,2018,99 :294-302.
HEE T TR, 45 2T INCA Hil METRo B9 YT
IR BT = RS AN AL T [ ] 0 42741, 2017, 28
(1):109-118.

HMERR | TN B 22 I, 5. A el ¢ T L T R AE S
IRARTI J]. T 5S4 ,2010,28(3) :352-357.
ML, 55508, Ju R, 45 3L F METRo A58 (4 B 5
TR F 7~ V0 B R B R TR 5 (1] T RARA,
2020,38(3) :497-503.

EPHT, RESFAR, BRI | A5 35002 ven o A I3 I 4 vk T
SRR ]].54,2019,45(11) :1589-1599.

ST, T/NGG IR BT, A H O A 1 X B
TR ERAE B FETARAR B[ J]. T B 4,2018,36(5) :
864-872.

e S 5 RXHRAIR S 0 7 o A 6 T 3R B AR Ty
TERGETH AR T ]. 0 R 5 4 4], 2009, 20 (6) : 737-
744.

RORBE, AR, 2O R, 5 T S AR (T
BRI SE [ 1] R4 R ,2009,29(5) :645-650.
BN I L, F Rz, S T R B R PV R A
FAHRAERIRIATTE [ 1] A58 ,2012,32(2) :210-218.
XUHE, FHARBE, T, 5 Rt M X AR B 25 kR R
Bt BT[] A5 8% ,2007,27(6) :685-690.

[19]

[20]

[24]

[25]

[26]

[27]

ZEEE A VRS RS AR ORI R YL L L A
SRR 1].R4,2011,37(3) :325-333.
SRR, BRI, R AEFE T C4.5 PR ARk ) i
BRAS VKT HR AR A AL R R v FH [ T ] R4 B2, 2015, 35
(2) :204-209.

22t 2k SRR MG , e Dk 28 v A B B T T AR AR
K IR T ] AR S 4:,2016,36(2) :58-63.
SR, ShH, T E S T 15 VI b X R KU AIE B 73
EATAG[T] RS 25 4,2022,42(2) :90-98.

Fro e, FRbw , X Bk, 45 7 5 U S L300 KRR AE 43 BT
KO RATIIRE [T ] PE R 5244, 2018,38(4) - 115-
121.

ZEITIAR, T A4, R AR 1) £ A T ) SR AL
JTIEMESE ()] P E AL T AR S4R ,2003,23(6) :55-59.
SN, B, AR, A5 R AU R
ASVR-MCS 7735 [ J]. WL T8 %2 4, 2019, 55 (24) .
260-268.

AR 4R SR LR K AT Lk [0 BT
FE,2004,30(10) :6-9.

g, T, 2235 B 3£ T BLP-ALO-SVM [ X H 3
AT 5k (1] RGN B R, 2022,34(12) .
2535-2545.

ZEEFLSVM 2% R B S SHOE B A [ ] AT 5L
TRESRT,2011,47(3) :123-124.

PhER, T, S, & S SRR 2L &
HHTFRGEERYEN TR T]. B 5
247 2021,35(8) :162-174.



