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Table 1 Indicator system for influencing factors of urban freight demand
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F2 2012—2024 FETFIEHRIZEREXIER
Table 2 Freight volume and related indicators in Ningbo City from 2012 to 2024
Ay x/ it x,/407t x/fee x /Mot /Mot xd/MLot x /MLt ay/ TN xl/ALIT
2012  32615.72 6862.02 263.99 3572.82 3025.21 2190.45 965.73 804. 10 2901.42

2013 35409.00 7432.09 265.15  3794.14 3372.80 2433.72 1003.29  821.60  3422.95
2014 40406. 50 7904. 81 267.60  4108.26 3528.95 2738.31 1047.04  841.60  3989.46
2015 42083. 20 8295.35  275.13  4210.91 3809.31 3050.18 1004.66  858.20  4506.58
2016 46258.00 8972.83  290.72  4463.78 4218.33 3337.61 949.23  872.80  4961.39
2017 52519.70 10146.55  297.05 5119.01 4730.49 3672.91 1121.97  890.30  5009. 58
2018  61454.00 11193.14  302.33 5507.15 5383.66 3964.39 1301.04 911.50  5189.92
2019 68407.00 12035.11 323.14  5686.34 6025.63 4268.56 1330.76  929.40  5610.31
2020  71898.10 12599.22  338.52  5793.11 6467.59 4238.26 1412.77  942.00  5918.88
2021  78747.10  14703.20  359.28 6867.26 7476.66 4649.10 1845.28  954.40  6569.95
2022 80100.40 15704.30  381.99  7413.47 7908.84 4896.72 1904.98  961.80  7253.23
2023  87000.00  16452.80  383.80  7540.50 8528.50 5212.60 1817.18  969.70  7797.22
2024  95000.00  18147.70  451.10  7882.70 9813.90 5605.10 1952.74  977.70  7688.06

7E 1 2012—2023 4 3 R R T (T 0k W gt £ K, 238 35 ¥ 3 ik A https: //1]. ningbo. gov. cn/col/col1229042824/
index. html; 2024 4 # % & R T (2024 5 7 % 7 B K2 5 Ao it & K R %3t 23R ), 9% 37 9] #o 3k 2 https://tjj. ningbo.
gov. cn/art/2025/3/20/art_1229042825_58921061. html,
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B GDP 55 Z 7l 38 A 505 =7 38 fin {8 ek 25 39 2 ot 2 B A
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Table 3 Correlation degree between freight volume and influencing factors in Ningbo City

5 i [ IR RN IR
T, 0.81 x5 0.76
Ty 0.55 7 0.67
x, 0.74 x 0.49
x5 0. 86 x 0.73

®4 PSOHZSHIRE
Table 4 PSO algorithm parameter settings
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P 2 7% 5 218 0 08 AL 095 S5 (84 £ RUMATERUE 0.4
Z KA, =(0.4604,0.4650,0.4770,0. 4525, AT 1.5

0.4955), B ) N 1.
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MR 26 5 AT 1, 2012—2022 4F (1 1% iz & B2 it

Bk 25 A8 BRI FE X [R] [ — 1675. 24,1635, 1314, Fig.2 Iteration process

AR S RS A6 R B 25 4] a3 o SRR

BAACRER G0 a2 6 By . ARAER SR EE O, 7115 2012—2022 iz B 2% (0 R R S 4

#H(3,1,5,3,2,3,5,4,1,4,2), f_lb%ﬁJME:&(19)9@%%7%4ﬁ?§%%§2ﬁﬁﬁﬁ,w@J—%ﬂﬁ?&

MR PRy

W%

0 0 0 1/2 1/2
0 0 1 0 0
P=|1/3 1/3 0 0 1/3[

1/2 1/2 0 0 0
0 0 1/2 1/2 0

#5 PMGM(1,4)#EBKRES N E
Table 5 Freight volume forecast values of the PMGM (1,4) model

A JRAGME /T t T AEL/ 7 t B2E/ Tt XTI/ %
2012 32615.72 32615.72 0 0
2013 35409. 00 37084.24 —1675.24 4.73
2014 40406. 50 38771.37 1635.13 4.05
2015 42083. 20 41812.50 270.70 0.64
2016 46 258. 00 46449. 56 —191.56 0.41
2017 52519.70 52672.79 —153.09 0.29
2018 61454.00 59970. 95 1483.05 2.41
2019 68407.00 67294.23 1112.77 1.63
2020 71898. 10 73411.73 —1513.63 2.11
2021 78747.10 77671.40 1075.70 1.37
2022 80100. 40 80866. 25 —765.85 0.96
2023 87000. 00 85615.43 1384.57 1.59
2024 95000. 00 95617.70 —617.70 0.65

F A — A AR S FE B R AR [ P, A X PMGM (1, ) 5% iz & #5447 /R o] KRB IE . DL 20134F

T ia TN ECHE A 4], 2012 4F T T At is AL TORES 3, i — 2R AR ML SR AE [ PRI, 2013 4F
iR ST R (1/3,1/3,0,0,1/3), AR 4 =X (20) 7] 15

ooy = 37 084.24 +(1/3)(—1333)+(1/3)(—573.5)+(1/3)1 430 = 36 925.40,
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FHXT IR 2220 1. 02 % , F B0 B0 9 1 B g ) o 4 (351.00.1224. 00) 787, 50

TR T 5 1, MGM (1, 4 455 89 7 35050 Aisf
W2 KA X R 2 R 11,820, FE R
PRIAE T H 8 SUE A R AR BOR Y, R BEA BUIUG RE B RHE. MHILZ T, PMGM(1, )1 A3 i:f
WOHTS AR R A, 38 0 TR T M R KT AR R 25 A 1. 120,11 PMGM(L, D JK 5.5
IR AT KRR HE— 25 25 4 T JR ] AR 2208 1F , 76 TN B B 3R BB A , - 5 AR X R 2540 0. 98 %6 , 7 5 F
TR A RS B e i o I Ah , R 30T LA L, PMGM (L, 4) 3K 48 B R a] SR 0 1y 35 0 50 30 5 5 b
£ AL A SOR s, W PMGM (1, 4) JK 68 5 R T I A5 A0 i) 15000 1 58 L 2 % A .

®7 THRWREZEESEERTNIE

Table 7 Forecast values of freight volume in Ningbo City using different models
RREALFIAEL/ T
GM(1,1>  Zit&ktkME  MGM(1,4)  PMGM(1,4)  PMGM1, 4R /RAf R

5 (1224.00,1636.00) 1430.00

Al SEBRE/ Tt

2012 32615.72 32615.72 31988.76 32615.72 32615.72 32615.72
2013 35409.00 36695. 20 36295.92 36 080. 16 37084. 24 36925.40
2014 40406. 50 40277.17 38516. 83 37839.61 38771.37 39880. 12
2015 42083. 20 44 208.78 43492. 47 41751. 17 41812.50 42254.75
2016 46 258.00 48524.17 48620. 61 48044.72 46449. 56 46290.72
2017 52519.70 53260. 81 52606.07 55974.57 52672.79 52769.79
2018  61454.00 58459. 81 59444.10 63573.57 59970. 95 59812.12
2019 68407.00 64 166. 31 67646. 14 68320. 48 67294.23 67736.48
2020  71898.10 70429. 83 71321.20 68864. 03 73411.73 72458.48
2021 78747.10 77304.77 78428.41 67114.09 77671.40 78780. 15
2022 80100. 40 84850. 79 81528.93 69118. 40 80866. 25 79913.00
2023 87000. 00 93133.42 81288. 99 82945.00 85615.43 85712.43
2024 95000. 00 102224. 54 98464. 34 113031.61 95617.70 95458. 87

®8 THRMREZEEAEEBBNANRE
Table 8 Relative error of Ningbo City freight volume forecast by different models

i Al GM(1,1)  Zrx&EmiE MGM1,4) PMGM(1,4) PMGM(1,4) K 45 IR 7]
AT MR/ % 3.29 2.28 5.07 1.69 1.02
T -S4 4 X 4R 22/ % 7.33 5.11 11.82 1.12 0.98

2.2 MW PMGMI(1,4)Ix B /RAIKKIZETN
BOYE 2 BUA [] B8 B Sk 2013—2024 4F . Hir, 2013—2022 4F B08E T 508 @ 51, 2023—2024 4F %%
I FH T w0 a6 . FRBE W 9 Fros .
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Fig. 3 Comparison between measured freight volume and predicted values of five models in Ningbo City

F9  2013—2024 £ H R IEE R KIS
Table 9 Freight volume and related indicators in Wuhu City from 2013 to 2024

I /It /M8 x /MLt a /AL x/MLOn x/ALOE x/MCOT x/ TN /ALt
2013 25461.24  2099.53  128.60  1388.22  582.70  559.95  336.50  359.60  2040.65

2014 31239.66 2307.90 136. 20 1516.02 655. 68 632.71 395.97 361.70  2392.64
2015 26202.40 2457.32 120. 02 1540. 60 796.70 733.04 424.71 365. 40 2709.19
2016 24959.53 2699. 44 126.90 1506.32  1066. 22 828.17 379.21 367.00 3006. 90
2017 28449.82 2963. 26 129. 67 1623.40 1210.19 930. 86 430. 69 369. 60 3342.24
2018  29244.30 3278.53 133.03 1710.64  1434.86 1028.26 454.95 374.80 3666. 44
2019  31628.52 3618. 26 146. 57 1756.87 1714.82 1149.61 497.05 377.80  4018.42
2020 29871.29 3753.02 161. 56 1787.28 1804.18  1584.35 581.42 364.40  4267.56
2021  30461.98  4302.60 169.58  2048.96  2084.09  1972.95 743.82 367.20  4937.56
2022 31504.53  4502.13 179.25  2135.58 2187.30 1995.12 915.32 373.10 5204.19
2023 38747.50  4741.07 182.99 2181.22 2376.86  2091.77 1275.17 375.60 5167.76
2024 38688.43 5120. 50 188.60  2295.80 2636.10 2169.04 1469.16 379.70 5529.51

E:2013—2023 S 2 4% R R T(EH T Lt %5, A5 B M 3k A hitps://4). wuhu. gov. en/zhsj/tjnj/index.
html; 2024 4 48 R B T (L3 T 2024 5 B R A2 FFe it & Z k424 4R ), 2048 35 9] 3 3k 2 https: //tjj. wuhu. gov. cn/
jxx/tjgh/8768514. html.,

T Ao R B SR A B, A5 B JE W T 6T s i 5 4% 5 e DR 2 [A) AY SQ R B 2k 10 i .

F10 EHTHREZESEEMEZZ BNXEE

Table 10 Correlation degree between freight volume and influencing factors in Wuhu City

R [N P9 PALSES PR3
T, 0.73 T 0.55
Xy 0.81 x; 0.64
T, 0. 85 T 0.84
T 0.58 Ty 0.71

BEFE GDP 5 — =\ 8 I8 55 — 7 b 384 hn i R i 4 N BV A% 0 2 i IR R A PMIGMIC L, 4)
f@%mﬂ%@%ﬂ‘”JM%FE@%“%@%HE%%&;@ A,=(0.1982,0.2163,0.5808,0.547 3,0. 7159),
55 FE I 11 5238 5 PMGM (1, 4) JK 46 5 /R ] e i 25 S 36 11 s, AR 22 3R 12 s .
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F11 EZHHTHREEFREBHNE

Table 11 Forecast values of freight volume in Wuhu City using different models

R U 4/ 7 ¢
Ay SEBRME/ Tt
GM(1,1)  ZIJegktkmE  MGM(1,4) PMGM(1,4)  PMGM(1,4) K0 /R A] J

2013 25461.24  25461.24 27203.77 25461. 24 25461. 24 25461. 24
2014 31239.66  27491.61 29104.78 30472. 99 31239.91 30401. 97
2015 26202.40  27923.28 26438.73 25690. 63 25913.51 26497. 55
2016 24959.53  28361.72 26.828. 67 26 676. 00 26435. 35 25597. 40
2017  28449.82  28807.05 27548.48 28729.73 28011. 34 28997. 64
2018 29244.30  29259.38 28831.97 29987. 05 29244 82 28721. 64
2019 31628.52  29718.80 31015.51 30038. 92 30019. 61 30603. 65
2020  29871.29  30185.44 28763. 96 29466. 51 30661.76 30138. 58
2021 30461.98  30659.41 29907. 16 29385. 03 31589. 39 30426.07
2022 31504.53  31140.82 33363.79 30847. 39 33159.07 31995.75
2023 38747.50  31629.79 40386. 06 34279. 20 35600. 52 36586. 82
2024  38688.43  32126.44 49940. 08 39199. 08 38997. 68 38474. 50

F12 ZTHMHREEFAEERBUMAETRE
Table 12 Relative error of Wuhu City freight volume forecast by different models

gl GM(1,1) Zix4&MEmiE MGM,4) PMGM(1,4) PMGMC(1,4) K5 /RT 5k
AP iRE/ % 4.24 4.00 2.68 2.52 1.59
T S 4 A X R 22/ % 17.67 16. 66 6.43 4.46 3.06

MG 1210, GM(L, DI 22 o2 P ] U3 150000 A5 76 2 AR 7 4006 B Be 2 L I 4, (L2 Tty B2 1) °F-
TR xe 15 2 Wb 3 v 1 22 A R € T ASE AR 2 BH T R R R A INORS B L R E 5 [RI B, X MGM
(1,4 . PMGM(1,4) & PMGM (1, 4) Ji €8, 5y JR AT K 3 Fofr 22 75 £ K €5, F0 900 452 A4 ] 2401, 38 2ok % 4% 8 MGM
(1, OB AT AR R B AL 3% 2518 15 ), 15 3 09 PMGM (1, 4) K 68 I /R 0] e A5 70 7 455 70 1)
A5 TN T BT SR O AR R T R TP AR SO0 A T S R R R 25 43 B A 1. 59 % Al
3.06% o ULk, A4k A4 n] 1, 1285 B0 T i 28 5 S PR 0% i i R W B g SR TR R AR 5T 2% R G
PP ) B A

33000 —a— UK
——GM (1,1)

—¢— LT MERIE
—&— MGM (1, 4)
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Fig.4 Comparison between measured freight volume and predicted values of five models in Wuhu City
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A 2 T 5 S8 A SR S A T, 22 2 RORE R i PN AR A T S RO L L 4% T 5 A 45
A IO PRI S5 BE 7 5 (RS, 22 S0 2 AP 1] U 00 A 1Y R A AU B B e B i T G I LR AR R g R
7 00 09 Z0 im0 8 A R, 7R OIS B2 b 8 A8 K ek I AR (Rl B IE AR SO B PMGMI(L, ND
KA By SR AT AR RE T A A A AR R T BT A8 R AP R C R S REHLILEh e 2 AR/ MVEAR S BT
HA R 09 38 P RS e

3 g

AR SC I il A K T R RS S SR T R HE $E T A A T T AR S T SR T i
PMGM (1, N JK €8 By JR ] JEALTRY | I L7 8 17 IS I 1 A0 98 % G2 I J SCUE 40 A1, EZAF 4518 a0 F -

D #E3 TWE EWZTEE AT oS50 T SRR AN S LN 1T BT R el 52 it % 0 A 2 4
JE I 3R T 02 42 52 R ZE AR R L I 45 B K 8 DG I A3 B U 3R T 6 2 A Y S B R ) R, AT R E T
6 bR R 0Bl 2 M 5 X A TR AR R (4 A ROk R 2 T AR

2) £ MGM (1, N BRI ) S fify |, 2R H PSO 5532 40 4k 75 56 (8 4 {5 2 20 L3 T AL 40L& i O
Iy IR AT SRR ST B8 0 B AG 1 % 2, DA T S 25 185 5 A 78 Xof Bl WL 0% 2 5 2% R 728 Ak 1 o iy P o i it
TS SR T A% G K A R AR 5T 2 IR T FR 0 0 v i) J B AR AR ARG S R Dy T 38 S B S R M
PET&, ITAE 20 3 7 5% 42 T SR A2 4 S AN B T S R B

3) TP HIIE I T 0 LR 45 SR 45 R R W, PMGM (1, NDJK €8, By JR A Je A5 100 7 8 4065 B 0 T
MRS BE 24 40 F GML, D Z ekt R H MGM (1, N A PMGM (1, N)J5 ¥, F 0 B 3iE T 4 3¢
TR 8 bR A 2R 4 2 5 ok b R s B b e S A Rk o R R T R AR A R AT A G R B AR b
B NS A BOE L 3% S M R RO DL S R G AT K A BB AE A 2 18 M SRR AR SO
RUATHE ) A T b 3k T A 5% d e T SR I L LA R A 08 A S S (R, T R IR T o R | 2l
FE R 45 B B IX i i A R AL A A 1 P 3R S
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(REHRZE FAE)

Freight Volume Demand Forecasting Based on
PMGM(1,N) Grey Markov Model

LIU Xinghui, REN Jianwei, LI Xueqi
(Institute of Transportation, Inner Mongolia University, Hohhot 010070, China)

Abstract: To improve the accuracy of urban freight demand forecasting, a PMGM(1,N) grey Mar-
kov prediction model was developed, with Ningbo City and Wuhu City as empirical study cases. First,
a multi-factor indicator system was established, and grey relational analysis was employed to identify
the core variables. Then, the particle swarm optimization (PSO) algorithm was applied to optimize the
background value interpolation coefficient of the MGM (1, N) model, enhancing its fitting capability. Fi-
nally, a Markov state transition matrix was introduced to correct the residuals, thereby improving the
model’s adaptability to data fluctuations. The empirical results show that the PMGM (1, N) grey Mar-
kov model outperforms GM(1,1), multiple linear regression, MGM(1,N), and PMGM (1, N) models
in both fitting and forecasting accuracy, fully verifying its effectiveness and superiority in urban freight
demand forecasting.

Key words: urban freight volume forecasting; grey prediction; PSO algorithm; Markov theory



