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Traffic flow probability prediction model based on coupling of graph
multi-head attention and ¢-distributed GARCH

JIA Wenwen, WU Dong, FAN Zhanyong

(Yuance Information Technology Co., Ltd., Suzhou 215027, China)

Abstract: [Purposes] Traffic flow time series possess complex nonlinearity, significant spatio-
temporal dependence, and strong uncertainty. Long-term prediction is more valuable in practical traffic
management applications. This study aims to construct a probabilistic prediction model that integrates a
graph multi-head attention network (GMAN) with a ¢-distributed generalized autoregressive
conditional heteroscedasticity (GARCH-z) model. This provides decision support tools for intelligent
traffic management that combine high-precision long-term mean prediction with reliable interval
estimation. [Methods] A deep coupling model integrating GMAN and GARCH-t (the GMAN-
GARCH-t model) was proposed. First, a multi-head spatio-temporal attention mechanism was applied
to dynamically capture the nonlinear spatio-temporal correlations among road network nodes,
accurately extracting the core features of traffic flow evolution. Second, the GARCH-: model was

adopted to accurately quantify and predict the heteroscedasticity of the residuals. Finally, a dual-layer
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output structure enabling collaborative optimization of "point prediction-interval estimation” was

constructed. The model was validated on measured data from 105 road sections in Suzhou City for

predictions spanning 1 to 12 time steps. [ Findings] In the mean prediction, the mean absolute error

(MAE) of the 12-step prediction reaches 17.22 vehicles/5 min. In interval estimation, the coverage

rate of the 95% confidence interval reaches 94.6%, and the interval width can adapt to changes in

traffic conditions. [Conclusions] Through the organic integration of spatio-temporal attention

mechanism and thick-tail volatility modeling, the GMAN-GARCH-; coupling model simultaneously

improves the accuracy and interpretability of traffic flow probability prediction, providing a reliable

quantitative decision-making basis for dynamic traffic control.

Key words: traffic flow time series; graph multi-head attention; thick-tail volatility; probability

prediction; spatio-temporal correlation
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Table 1 Prediction performance over 12 time steps

%) MAE/[ %+ (5 min)™"] RMSE/[ i+ (5 min)™"]
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Table 2 Prediction performance under multiple specific time

steps
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3 13.98 25.18
STGCN
6 14.72 26.56
12 17.26 31.08
1 14.42 22.33
3 13.93 21.53
GMAN
6 14.09 21.86
12 17.22 27.11

Y % 2 AT 1, GMAN £ B 78 25 B[] 20 KT iy
MAE F1 RMSE kX £ [t ARIMA F1 STGCN 5 5#4 () /]
X 2% B GMAN #5558 ¢ 22 B50A W] T 25 < 1= R 5 9t
HERR AT, R8T, GMAN #5% i) MAE .RMSE [
T A U Bl /I, 3k e WY 8 A - b firp ok
W2 BN, B R mARe e S wmks .
U, GMAN ASE Y AT L B o g b S B0 A8 308 97 22 26 3
2.6 XEFMERSH

15 95% EAF XA AR 3 ARG 2558, vl 15
FI|HE T GMAN-GARCH-¢ 52 7Y 1) 22 38 i X 5] F5 0] 235
o GMAN-GARCH-¢ #5781 5 4 % BB U 7 2 /> iy
FE R AR LA RO AN E 5 TR o

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 83



5 T # %42 %

e
< FIE

23 /4 - (5 min) ™'
3

K , Bl I.

2022-11-20 2022-11-21
0:00 0:00 0:00

2022-11-22
Fisf 1]

2022-11-23  2022-11-24 2022-11-25
0:00 0:00 0:00

(a) BRI (+1)

—— S
180T B

223 /- (5 min) ™'
]

_20 1 . 1
2022-11-20  2022-11-21

2022-11-22
0:00 0:00 0:00

2022-11-23  2022-11-24 2022-11-25
0:00 0:00 0:00

Fisf ]

(b) WA (1+6)

180 p —— SEMME
160 THEE

N : . ki
2022-11-20 2022-11-21
0:00 0:00 0:00

2022-11-22

2022-11-23  2022-11-24 2022-11-25
0:00 0:00 0:00

I} [h)
(¢) I AK (1+12)
B4 il AT &R

Fig.4 Mean prediction results of traffic flow

r P 5 AT A, DX ) 0 5% SR I R Bt A K 1 i
B3 K. GMAN-Bootstrap #& 7 751 ] 2% 5 () X []
T B Ry R A (S Bsf B3 DX R 4o 5 e e s B3 X (1]
U I I Ve S Ol 11 <10 = N W 3
GMAN-GARCH #5 Y 50 25 5 (1% IX 1] 5 2 R A4 | i
A5, 3 A e W S BE I X JR) 7 AR A 25 T
GMAN-GARCH-¢ A5 2 T 0 %) [X. [1] 58 5 ] 2 285 DE i
22 P e U 2, o A A 3E T e W R B, MR T
GMAN-GARCH 5 GMAN-Bootstrap 15 %1 , H: [X a] &
S PETAL BT HE M RS I I Bh L

XF GMAN-GARCH-¢ A5 7Y J% 46 Xt B AL AU 7 22 4>
o R R ) A5 B 2 3 97 X i) T 225 SR AT AR
ghE RN IE 6 TR o

1 16 BT 0, FE B AP K 1~ 12 38 F
GMAN-GARCH 52  {y X [i1] 7100 TG 3% 78 56 %6 . 3
F 5% X FRW, 55825 M N IE 255 A0 i s Al T
e i = 4 19 K A AR, S B00T A8 S 1 T X [R] Ao
B EERCHEAL, HEZ T, GMAN-GARCH-¢
5 GMAN-Bootstrap 55 78 (1) X =] 71 0 Jo 44 7 75 K 3
PEAT 5% WIBRIS AR, TN 45 5 3 0 ] 5

KT 75 95% B {7 7KFF , GMAN-Bootstrap
A5 [y DX ] 00 25 55 % 94.0% , 1fif GMAN-GARCH-¢
TR (14 IX [i) 50000 7 55 0T 35 94.6% , BRI R 0.6
ST o= W T A ¢ € 1 115 2 S S
GMAN-GARCH-¢ #5783 X [ia] $50 00 (%) 5 B 3 ik L 3% LE
GMAN -Bootstrap £5 %I DX [8] U 714 /1N o 76 AH [R] i) 2

84 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



% 24 R, F: A THS X

LEE AL oA GARCH #8464 2038 748 52 T m) BE Y

[ | GMAN-GARCH-t
[] GMAN-GARCH
- GMAN-Bootstrap

400 p— SeNfE
E
" 300
g 200 | i
& 100 _ . . e
(a 2022-11-20 2022-11-21  2022-11-22 2022-11-23  2022-11-24 2022-11-25
0:00 0:00 0:00 ‘ 0:00 0:00 0:00
I fi]
(a) WAE K (+1)
| GMAN-GARCH-t
| GMAN-GARCH
. 100 - GMAN-Bootstrap
= — S
£ 250 fi _
2200 | (|
UTHH 100 | .
2k WV SO
® 2022-11-20 2022-11-21 2022-11-22 2022-11-23  2022-11-24 2022-11-25
0:00 0:00 0:00 ) 0:00 0: 0:00
I fi]
(b) WP (146)
[ | GMAN-GARCH~
_ | GMAN-GARCH
L 350 i GMAN-Bootstrap
= 300
=
E 250
<200
F 150
@ 100
=50
™ (0 s $ | \
2022-11-20 2022-11-21 2022-11-22 2022-11-23  2022-11-24 2022-11-25
0:00 : : i : : 0:00
i)
(e) Ifa2P K (14+12)
B 5 sd iR X ) a2k
Fig. 5 Interval prediction results of traffic flow

EKSFTF, F0 X 0] A, 5 I8 A 4050 B g, %o
2 3 L TN AN P 1 L R b B R Tl
Bhlsk . GMAN-GARCH-¢ #5578 38 52 of 19 00 % 22 2k
T o A LG, B 5 1 1t 20 1 7 2 1) AR e J2 8 A
IE, DT R A 4 R0 o %) T 00 X (1]

ST, GMAN-GARCH-¢ #5780 X i) 5 00 £ 5%
i i 1 LY HE GMAN -Bootstrap 55 7Y [X [a] 75 71t [ A%
T 1.4%. 3% BIZ ARG Bl ¢ 43 A 1) TR R ARAE , 52
BT RS BN, i o sh S
P PR AT A ] SR (R PSR AR
5]

it

3 T

A HE H Y GMAN-GARCH-¢ 85 5 G 1% 52 91 <

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home

IR E 1 2220 AT, AT AS o A0 S50 AN A o
{6 sl s U S RV N TP~ S P DU S e 2 € A
R 3 36 25 R e T B R Y DX ] 00 A 55 % 1T Gk
94.6% , H B A - DX 1] P 9 58 25 3t o b 4 47 78 4828
7K F . 5 GMAN-GARCH . GMAN-Bootstrap % 5
RUAH L, A SO S BT A S A i 5 15 B I 25
AU LRI

IZTRIRE SR n] Oy 52 T A SR R R S, T
15 S 450 5 T, A5 4a i 28 G m] AR HE S50 1X (8] 9 i
AV R ARG 45 A5 T A Pu A X TA] a5,
e s B T V52 B i ot T 2o ol v T TR
{8, 2R 500 ks B B v 11385 5 B 7 8, JE ik
PRSF s SR, BB R B B RUEAT N T T 10, 42
THR GG TR ARERE 7 T, A8 B RS E 1Y

85



x @ A 5 = # %42 %
oo SOt 4T B S I M AT A
0T CMAN Bontstap SRR T S PRI UL AL
0.09 F A ST FEATIAEAE A T 1 ik e 1) 1) 8 5 (B 75
o5 TR RIIEFE 7 1) o 51 40 7 5 38 I AN A 5 PR
;«g ' U553 7 T, A SCAUHS HAR g B AR AT R Al o7
= 007f ZW% TR R 5 S U H B RN TERERLE . JS
A2 Y3 W N
R LA 5| DL T TR 82 > HE R L 36 AN 1 s K D5
0.06 PSS, NSRS N
TTA 03t DT Sy 52300 A8 B SR 8 (1 B 5L o 1
0.05 AR R
0.04 1 1 1 1 1 J % " )
0 2 4 6 8 10 12 % 2% 3Lk (References) :
R (1) BTS00 6 S0 9 U o 50 43 A6 A 4397 A A
(@) ARG [D]. H50: MR, 2017,
- GMAN-GARCH-t JIA Wenwen. Analysis and modeling of distribution
- GMAN-GARCH
0.16 - —— GMAN-Bootstrap characteristics in short-term traffic flow forecasting[D].
0.15 k Nanjing: Southeast University, 2017.
0.14 [2] HOGBERG P. Estimation of parameters in models for
' traffic prediction: a non-linear regression approach[J].
e 0.13F Transportation Research, 1976, 10(4): 263-265. DOI:
I 012 10.1016/0041-1647(76)90059-9.
= o011k [3] WILLIAMS B M, HOEL L A. Modeling and
= 010k o forecasting vehicular traffic flow as a seasonal ARIMA
process: theoretical basis and empirical results [J].
0.09 Journal of Transportation Engineering, 2003, 129 (6) :
0.08 I 664-672. DOI: 10.1061/(asce) 0733-947x (2003) 129: 6
0.07 - ; ! : ) ! (664).
0 2 4 8 10 12

6
INEPAN
(b) FERELHE L
E6 X+
Fig. 6 Interval prediction evaluation
2228 RPN 5 AN E PR R AR AE R, T 4 RRTR K
5 min % 1 h SIS St 5| T, S8 T 200 &
GERY SR S AT EE TR, OF J F P 4R A 22 Bl AT R ]
2%,

4 ZHig

1) 7 3CH#2 i GMAN-GARCH- 1R & i 54 | i
Bl 23 15 QRG24 S LT, BeAS 17 35 Ny 21 ) 2l A5 25
V) AF Sk 5 A 2o MR IS [ AH SC Mk o 1A 2L B A
)R P 5 TR B, T 255 ik e A 9 2 3 9 T
BEHRIAFLE (1R 25 B n)

2) T 143 A LA B9 GARCH B REAS i B ¢ 73
A 1) V52 R R ME A 55 A8 5 3 0 A0 o I8 2, T R o
b S T AN 1

3) GMAN-GARCH-¢ #5784 Ay 38§ 17 18 ¥ A 38 3t 48R

[4] ZHANGL, LIU Q C, YANG W C, et al. An improved
K-nearest neighbor model for short-term traffic flow
prediction[ J]. Procedia-Social and Behavioral Sciences,
2013, 96: 653-662. DOI: 10.1016/j.sbspro.2013.08.076.

[5] OKUTANI I, STEPHANEDES Y J. Dynamic prediction
of traffic volume through Kalman filtering theory [J].
Transportation Research (Part B: Methodological) ,
1984, 18(1):1-11. DOI: 10.1016/0191-2615(84)90002-
X.

(6] HUWITE, RO, 22 ME . 5T R R 2 I8 I Y w2 1

PEAT RIS ) B A5 T (7], 8 T K222 4 (A SRR
fZ ), 2002, 30(9): 1068-1072. DOI: 10.3321/j.issn:
0253-374X.2002.09.008.
HANG Mingsheng, YANG Xiaoguang, PENG
Guoxiong. Study of predicted travel time in urban
expressway based on Kalman filter[ J ]. Journal of Tongji
University (Natural Science) ,2002,30(9) : 1068-1072.
DOI:10.3321/j.issn: 0253-374X.2002.09.008.

[7] YEZR, ZHANG Y L, MIDDLETON D R. Unscented
Kalman filter method for speed estimation using single
loop detector data[J]. Transportation Research Record:
Journal of the Transportation Research Board, 2006,
1968(1):117-125.DOI:10.1177/0361198106196800114.

(8] AN, SRMTME, X rhAe | T Btk KRBT R A S

86 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



# WXL, F: A THSKEZE NS 5 GARCH #3449 3058 77 A% & Fm 42 7

[10]

[11]

[12]

[13]

[14]

345 1) ALY S 30 S i O [T ). S TIOR3 4R
BE 2 ML) L, 2022, 61 (2) : 288-297. DOI: 10.6043/j.
issn.0438-0479.202104024.

HE Zujie, WU Xinye, LIU Zhonghua. Optimized SVM
model for short-term traffic flow prediction based on
improved gray wolf optimizer [J]. Journal of Xiamen
University (Natural Science) , 2022, 61(2) : 288-297.
DOI: 10.6043/j.issn.0438-0479.202104024.

LIU Z B, YANG Z S, GAO P. Research on the short-
term traffic flow prediction method based on BP neural
networks [ C ]//World Automation Congress 2012. Puerto
Vallarta: IEEE, 2012: 1-4.

DIAO Z L, WANG X, ZHANG D F, et al. Dynamic
spatial-temporal graph convolutional neural networks for
traffic forecasting [J]. Proceedings of the AAAI
Conference on Artificial Intelligence, 2019, 33 (1) :
890-897. DOI: 10.1609/aaai.v33i01.3301890.

YU B, YIN HT, ZHU Z X. Spatio-temporal graph
convolutional networks: a deep learning framework for
traffic forecasting [C]//Proceedings of the Twenty-
Seventh International Joint Conference on Artificial
Intelligence. Stockholm: International Joint Conferences
on Artificial Intelligence Organization, 2018: 3634-
3640. DOI: 10.24963/ijcai.2018/505.

TRAR, RO, HE, & R TRERIAMEMZR
2K f1% R PR A 38 Y IO [0 . 5 AR OR 2 2 R (T2 R
2024, 54 (6) 1593-1600. DOI: 10.13229/j. cnki.
jdxbgxb.20220950.

ZHANG Xijun, YU Guangjie, CUI Yong, et al. Short-
traffic
algorithm and graph neural network [J]. Journal of Jilin

term flow prediction based on clustering
University (Engineering and Technology Edition) ,
2024, 54 (6) 1593-1600. DOI: 10.13229/j. cnki.
jdxbgxb.20220950.

JIN C H, RUAN T, WU D X, et al. HetGAT: a
heterogeneous graph attention network for freeway
traffic speed prediction [J]. Neural Computing and
Applications, 2021, 33 (13) : 7891-7904. DOI: 10.1007/
s00521-020-05586-9.

XNEME, T, R, G BT RAERBIS R
MR AL LSTM A A2 i b (1], 223 15 85
44,2023, 41 (5) : 12-23.DOI: 10.3963/j. jssn. 1674-
4861.2023.05.002.

LIU Qingmei, WAN Ming, YAN Lixin, et al. A method
for predicting traffic accidents based on an ensemble
empirical mode decomposition and an optimized LSTM
model[J]. Journal of Transport Information and Safety,
2023, 41 (5) : 12-23. DOI: 10.3963/j. jssn. 1674-4861.
2023.05.002.

[15]

[17]

(18]

[19]

[20]

(21]

W, WK , BAERE, A R TR A TR A
T2 7 [ o 25 () A5 32 i 00 12 [0 ). 38id s A T AR
i ,2025,25(2) : 170-188.DOI: 10.19818/j. cnki. 1671-
1637.2025.02.011.

SHI Xin, HU Xingian, ZHAO Xiangmo,
Adaptive graph spatio-temporal synchronization for
traffic flow prediction based on NODEs[J]. Journal of
Traffic and Transportation Engineering, 2025, 25(2) :
170-188. DOI: 10.19818/j.cnki.1671-1637.2025.02.011.

i, sk, FOURE, 45 BT AN 23 RE AR 0 G
B 19 2 Jefe 52 368 9L i T AE R [ ] 2 B 52 Rk 4,
2025, 42(3): 21 - 33. DOI: 10. 3969/j.issn.1002-0268.

2025.03.003.

ZHANG Yun, ZHANG Bo, WANG Jiannan, et al.

Highway traffic flow prediction model based on periodic

et al.

encoding with dynamic spatio-temporal features [J].
Journal of Highway and Transportation Research and
Development, 2025, 42 (3) : 21-33. DOI: 10.3969/j.
issn.1002-0268.2025.03.003.

EFRON B. Bootstrap methods: another look at the
jackknife[ J]. The Annals of Statistics,1979,7(1) : 1-26.
ZHENG C P, FAN X L, WANG C, et al. GMAN: a
graph multi-attention network for traffic prediction[ C ]/
Proceedings of the AAAI Conference on Artificial
Intelligence. New York: AAAI Press, 2020:1056-1063.
Sbs, T, T, A T A i W A
SETE ST A 1A 2 S5 05 22 BCHEAERL [T ] 3kl
B 38 52 38 WF 5%, 2017, 20 (5) = 30-36. DOI: 10.16037/
j-1007-869x.2017.05.007.

WU Ting, JIANG Yangsheng, DING Xiao, et al.
Improved GARCH model in urban rail transit based on
uncertainty analysis of section passenger flow[J]. Urban
Mass Transit,2017,20(5) :30-36.DOI: 10.16037/j.1007-
869x.2017.05.007.

VASWANI A, SHAZEER N, PARMAR N,
Attention is all you need [CJ/Advances in Neural

et al.

Information Processing Systems. Red Hook: Curran
Associates Inc., 2017, 30: 5998-6008. DOI: 10.5555/
3295222.3295349.

SRR, B, PMVER, ST ) S I U 4 I G 6
- R [0 ], [ R R 22, 2025, 47(3)
173-182. DOI: 10.11887/j.cn.202503018.
ZHANG Jin, PI Yu, SUN Cheng,

temporal encoder-decoder

et al. Spatial-

traffic
prediction[] 1. Journal of National University of Defense
Technology, 2025, 47 (3) : 173-182. DOI: 10.11887/j.
¢n.202503018.

model for flow

W

(EE4HmiE: R, &3 ARAE)

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 87



