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Fig. 1 Location Distribution of Traffic Meteorological Stations along Tianjin Expressway (the gray dash line is the
highway network, the red pentagrams are the sites used to build and validate the model, the blue dots are the sites

used for spatial applicability testing, and thesblack triangles are the remaining transportation sites)
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Fig. 2 Evaluation of forecasting perfomance of 5 schemes with different input time steps (solid lingyis the median,
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Fig.4 Forecast perfomance of Traffic Meteorological Stations A1 and A8 Models in 2023 (The dashed line is 1:1
line)
(a)Model Al 1-hour, (b)Model Al 2-hour, (c)Model Al 3-hour,
(d)Model A8 1-hour, (e)Model A8 2-hour, (fiModel A8 3-hour
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Table 1 Accuracy rate of the model under low (<0<C) and high (>40<C) pavement conditions
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2.2.2 3% v M3m KR Fe Mo 2 IR AP A9 A2 AL SR A 7 TR A

N Y e PR UEASE TR Xof AR Bl B 1) TR SR, AR SC MR rh Bk To SRl Ko H
PUAFE 2.2.0 75 BE A E il B2 M BEAT AR ROR VR - 25 18 S8 58 5 BN i B o
TR H A2 F A0 N AZ I S R HEAT ANV . AR w5 Dy 2023 4F 1 H 23
H 12 % 24 [ 12 8, 4ETEREK, A2 FT A0 BT3B AR5l h-12.3°C . -13.1°C, B
T i FE R 1K 43 730 9-15.8°C L -16.6°C s i il M9 49 2023 4K 5 /3 14 [ 00 i % 15 H 00 i,
MHTEFEK, A2 T AO P35 fe i Sl 3 D 35.4°C \ 34.5°C, BT & St i 70 K 54.7°C

52.4°Co VAR BAR LR 2,

7 2 2023 G R E ARG EIR AR IR =R A A 32 R S R UG R BTG
Table 2 Evaluation of Traffic Meteorological Stations A2 and A0 Models in extreme low and high pavement

temperature cases
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R (IR Tl V- 4 i 22 B 3°C, HEMR AR T 7000 ELAASR 1, \NA sl A5 R 3R I A A 1)
AL BERITIER e AR S AR B TR IR 22 1) A8 AR A, (B LU IR st sUSE T 1) A3
FEFRUFN AS R A B BAL . 1h Tk, AL #ALTRE B1 M B2 ufi A iR R I A3
B AS ARRUARIL, 7 B3 vl sl A FHRGR BT RS 1E; 2h A1 3h fiidlk, AL AT 2 Bl
A B2 uifi m PR R I BORIE ™ Py B 55T AB ML, A5 BERY, (HFE B3 i iR B AT
UG S, SPIL R = AN 2°C, 2h IR ER R A3 AL, A5 L) 10%,
3h TR AL T A3 AL, AS BIAIZ) 8%, i4h, A3 REAYRIT AS BERYLE FTAT vl KT RS
FiAhe rh 2 I AR AERE . = ASTighost Rl SRR A AL (18 1) RE, B3 ikl
FE = AT o v B AL ATt , {H A3 5 N B3 B 0 il AR Y i A

Zi LT, GG S5k G E AT AN S B )RR (R 3), e
R EA — @ e AT A N RE 0, ARl Pl R DBk A (R BT 7% I AT BT 1) TR e
BT PR BCR 5T R AA O¢, TS A BT, £—ERIERIEEN, B

ARl PR RIS T TR S 1 K T R B R
3 R E R B =S BT A8 R AR T

Table 3 Evaluation of forecasting perfomance for model spatial migration applications

1h 2% 2h I3 3h I %%
o n DRt~ 784
bl Rrwi TR o TR 2 ) PR 2 _ TR 2 ,
3 26 B/ km YRR /% YERR /% HERIZR /%
/C /C /C
ol Al 72 1.57 84 2.36 73.26 3.03 65. 2
A8 104 2.23 78.82 3.42 68. 77 4.28 61.85
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A3 38 1.5 85. 42 2.27 76. 37 2.78 70. 62

A5 31 1. 49 85. 42 2.16 78.1 2.74 72.11
Al 96 1.32 88.15 1.93 79.79 2.45 72.45
A8 127 1.91 79.76 2.87 69. 89 3.5 64. 97
v A3 60 1.33 87.89 1. 96 80.97 2.39 76.12
A5 30 1.31 87.72 1.86 81.05 2.44 74.97
Al 51 0.97 94. 42 1.45 87. 47 1.95 78.95
A8 86 1. 45 89. 57 2.63 79.35 3.29 73.07
% A3 18 1.17 91.26 2.11 76.92 2.69 70.03
A5 42 1.21 90. 86 2.12 77.24 2.87 70. 35

34 HIiL

ARSCHEI ST LSTM B8, Sl bE 2 I TS H N, 12U AR B A A ) A2 K
TR ARk 3h 3B 10min FRIES TR BE,  FEX0 Tt s RAEAT R IR T AL, N5 i 11 A v e A
W El R A TR AR, FFI0IE @B (el 1, IS5 gt T

(1) T LSTM 7 [RK 3h 3% 10min # il S RS A, 2L 3h WL EcdE 1
NI, TR SR B o A3t R P TR ABE 2R S I AR — B, TS SR B R I 28 K17 %,
1~3h AR i35 4 f i 2236 F R 0.38~2.21°C, 45 IR 226 H 8 0.63~3.31°C, 2]
>N 76.15%~99.48% .

(2) FERY AR T i ) 2 I A i, 808 YRE DR TG L B TR 2 R RN 2] L R P
B AR RN SR AT, Th TRARIE AR BIAE 90% A o A2 Y e T TR 8 JJ ARG
RS, TR 3 i e 22 K 2 TBAT R %o il b TS ARARINT T B4 mT T i
TRAE R, 1E 40°C AL 1 e i B THHRAS S AR AE TR AR I /N 0L, T 2] 2% pEE i i 22
VT IE SR e Pl e 1 %0

(3) AT 2 [l A 7 . A S @I, P R @ AR Al SR
U TR B, “Pha 20 3h TR A R HERR 2R 2 IAE 85%LL b T7%LA B 70%LL L, Tk
E-FHmZEAREE 3°C, FTLAAABEA B — e iR (BT N RE JT o ARl i STASEARY (1 T
RIHEGT, T 5 Tk ae J kR, BT RS PR B, JTA% G TR ARG 7E— /Y
IEREVE R Y, AT PR Al FAR R BN I TR S MR K T B R B0, (H 32 BT A2 38 bl e )
B, TRV B ) AR R B AT Ry i — R T, XM SR SRR 7T 5E 3 T 1)

AL R R, FEORUE T AREAGE FH I BRSO AER I TR 1E 5 B i 1) [
SEAL T AN RO AW S 4 T P O AR B, RIS B 1 AR R AN AR i IR TR A e 70 A
BRI B i A — S DU RS, A B TR R R SRR S R A B, RS AE IE R AT £
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Research on Pavement Temperature Forecasting Method of\Tianjin

Expressway based on Long Short-Term Memory Network

Zhang Xifan  Ren Liyuan Gu Haodong

Tianjin Meteorological Service Center, Tianjin 300074
Abstract: Based on the 10-minutes observational data from 2018 to 2023 at the traffic
meteorological stations along the Tianjin expressway, a long short-term memory network model
was used to forecast the pavement temperature in theynext 3 hours, and the forecasting effect and
spatial migration applicability ofthe model'jin the case of extreme pavement temperature were
evaluated and analyzed. The resultsyshow that: the model forecasting effect is the best when the
observational data of thepast 3 hours length is used as the input; the model can forecast the
pavement temperaturé accurately, and, the forecasting ability decreases with the extension of the
forecasting time limit,”with the mean absolute deviation of 0.38-2.21°C, the root-mean-square
error of 0.63-3.31°C, and the accuracy rate of 76.15%-99.48%; models can accurately forecast the
timing and extremes=of extreme low temperatures occurring on pavements, forecast accuracy
control of about 90% for the 1-hour forecast time frame; for extreme pavement temperatures, the
model's 1-hour forecast also simulates the trend and time to extremes in pavement temperatures;
the model has a certain spatial migration ability, and the average accuracy of the model forecast is
more than 70% after the migration, with an mean absolute deviation of no more than 3°C; within a
certain range, compared with the migration distance, the forecasting ability of the model's home
station has a greater impact on the forecasting performance of the model after migration.

Key words: expressway; pavement temperature; long short-term memory (LSTM) ; forecasting
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