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Integrated routing and stowage planning optimization for Ro-Ro vehicle
river-sea intermodal transport under carbon tax policy
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Abstract: Addressing the disconnection between routing and stowage planning decisions and the lack of carbon
emission constraints in Ro-Ro vehicle river—sea intermodal transport, this study investigates the integrated optimization
of routing and stowage planning under carbon tax policies. A mixed-integer nonlinear programming model is
developed, considering the characteristics of the river—sea intermodal network, vessel stowage safety, and carbon
emissions. To solve the model, an Improved Adaptive Large Neighborhood Search (IALNS) algorithm is proposed. By
embedding business processes and allocation logic into a multi-stage greedy construction mechanism to generate high-
quality initial solutions, and by designing dedicated destroy and repair operators, the algorithm’s performance is
significantly enhanced. Two sets of numerical experiments are conducted to validate the model and algorithm: one
based on realistic transport instances along major ports in the Bohai Rim and Yangtze River regions of China, and
another using multi-scale random test instances. Results indicate that the IALNS outperforms Gurobi, as well as
conventional adaptive large neighborhood search, genetic algorithm, and differential evolution algorithm, achieving

average objective improvements of 10.43%, 11.83%, and 27.37%, respectively. Fuel price is identified as the dominant
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factor influencing total cost. The carbon tax policy exhibits a significant diminishing marginal effect on emission

reduction: a too-low tax rate fails to effectively incentivize emission reductions, whereas a too-high rate leads to

saturated emission reduction effects while carbon-related costs continue to rise.

Keywords: vehicle routing problem;

transportation; adaptive large neighborhood search algorithm
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10: end if
11:  end while
12: end for

13: Br|e—: SR ESILEESTE
14: for each t € T do
15: if L, N D;, # @ then
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> [EALE R e P I P AT LA 55
17: endif
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19: end for
20: rBR=: LB RS BC 5 B AR
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240 Q"< {om € Ou|wi™ + Guinesbn < wp™ A
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32: end for

33: end for

34: Z + fusi(S)
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B3 SABEREER
43 BRI

B ML 925, B AIF TALNS 1ERE. —2& 5 Gurobi
P, MR EE S R RoR A R 2= 7. 2
ALNS. GA. DE it — 55 L, MK TALNS 76 A5 [F] 3t
R4, 5 ) A2 RS AR5 T (1 .

(1) IALNS 5 Gurobi FJ%f Lt

W B Gurobill.0.2 [] fx K vt & I [8] 7y 3600s,
IALNS 5 Gurobi FTHRE 455 W3R 2. 45 R IR, BIAE
Bt /N ) 8, Gurobi [T 54 FE B 38D T TALNS,
M E R T, ZHENEE. K, IREH
IALNS B 24T Gurobi.

#*2 Gurobi 5 IALNS xitt
s Gurobi A : TALNS _ Gaps/%
Best Ub Lb Gap,/% Time' Best Time®
21,-21,-615-3H 120935891 1209358.91 1122197.08 7.21 769 1152284.08 14.1 —4.72
21,-21,-81;-4H 1733434.38 1733434.38 1583976.47 8.62 1164 1659225.88 25.23 —4.28
31,-21,-101;-5H 3704325.04 3704325.04 3268778.05 11.76 1310 3351888.09 33.08 —9.51
51;-31,-81;-5H 2737692.46 2737692.46 2429740.65 11.2 1731 2461992.58 31.65 -10.07
51,-3L,-18T,-6H _ — — _ 3600 9044858.93 71.91 —
E: Gap, AGurobiEH i 1Gap; Gap, = best” — best , NGurobi STALNS[{Gap; “—" F/RGurobifE3600s N 4 345 AT 7 /#; Time' NGurobiik #|i%

best
fARHHE 1] Time? HTALNS FCSk a]. °

(2)IALNS 5 HAth J5 A sURE B %F b

B A A AR R A A, AN SRR B
HABIIEAT 10 K, THR R ILE 3. 41K, T
S 1, TALNS £ Best 1 Avg. #6b5 ¥R PR AL,
H. 5 ALNS. GA #I DE HJ°F-3J) Gap 437l 4 10.43%.
11.83% 5 27.37%, A3 H & 5 1 42 )5 S RE 1 A1 AR
SE W AR B [F] IR, 7 Worst A1 S.D. #8#5_E, IALNS
15 22 B S P R RF A KT, R 2 78 v R R 5
B, fE B s i 52 /T ALNS #il DE, Rt R
UF St LETHEEALE J7 T, TALNS 7E fir g B4 o
()P 501 BT ) 5, LI ) R0 RIASE 086 K, LR [l £
Pk . R, TALNS S0V 7E i i & fasE ik
TS8R 7 H AR T ALNS. GA #1 DE.
4.4 RS

(1) B B BB 2

W = FRER AN 5 1 5 LR 2300 T/
t, VLA 3900 JG/t)s 1E 5% 2G6M 3300 Jo/t, VLM 4900
TC/) PA A 5 3(HEAE 4300 T, VIR 5900 TT/t), LA
I HT BRI R AR KT AR A IR 12 51878 AR R 52 .

4 F W, BEE WA N 3900 JT/t FFE 5900 TT/
t, VLRR S AT B AR 2R KR 11 8, (HAE Y 450 K
Az B R AR NV RS E 3 PR R L, AT
MR e 3 AR A S, MRV B B R AR e 1
5 FL T L, /N BT X i A AR A v R RRURK, i R YT

P BRI P AR AR, A B S s 9D /N TR L 388 B R
Az ) G50 NG A T 7. (R, A2 it BT+
SN, BRI X KTV A 1) SR s A 4T, 1 an e 1
o3, KAV T R EIEHT 5, XETHAE
TR AN 25 A T S AR 1 B I i B A L 3 R R 22
k.

5 kDR, B AN NIRRT 2 =R, &R
Gk A B2 BT (2 54 Tt B4 78 i),
2 B BRI A M8 R LA T B T AR RRCAS v B RRURK. AR, R
G S5 AR I A B I 52 T R R B M AR AL AE TR
SN ST A B BT T B, T TE R v A
T 50 RN, SR 53 B e B 3 S B HA 7
ERMAHEZE TR, R aetsd il th R AL S
PRI M SR A SR B AR B R S
RS, 5 0 b A AT SR AR R g, AT A s
FRAAE AL IR LR VERFAE.

TE FU I T S TR, ST 38 A LR = e A 1
NS AR GRS, VLT 2 08 B AN T
T EA (HZ) 3.67 kn 8 £ 4.00 kn). &5 R0, 1T
P AL T 2 3R G0 S0y A AR Ak ) B A AR =, AR
AL 38 I B TV A AR DA SRR T IR S, I S B ARk
B DR S ICE0T B BB, AT SEI 2R
A A B AR B AR
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®3 TREEKBREBEERIILL

5241 "k Best Worst Avg. GAP S.D. Time

TALNS 3351888.09 3527537.94 3438073.87 0.00% 71541.75 33.08

31201015 ALNS 343052297 3656887.26 3520582.61 2.40% 70829.36 30.27
GA 3465530.05 3842713.7 3661437.20 6.50% 116263.12 187.27

DE 3740741.94 4016881.62 3837160.01 11.61% 106301.04 133.72

TALNS 6926323.23 8270694.22 7608211.39 0.00% 405245.03 110.89

101, 31,231, 13H ALNS 7565569.77 8729280.48 8111037.36 6.61% 37825331 231.34
GA 7682525.85 9914306.75 8980122.85 18.03% 844133.29 594.28

DE 10383228.82 13282206.03 11330722.71 48.93% 1058993.53 41255

IALNS 15257801.83 17390691.35 16618046.72 0.00% 708923.15 87.69

817147118 ALNS 16682912.04 21034866.21 18608867.79 12.00% 1642356.78 145.29
GA 15434402.17 19422671.6 17245473.06 3.78% 1198765.43 795.53

DE 1931811522 24709907.9 22361508.29 34.56% 1799023.46 563.82

IALNS 22805260.1 30472853.91 25973794.52 0.00% 1842345.67 157.07

251,71,-671,300 ALNS 25692090.82 36644369.05 30872584.11 18.86% 4123456.78 256.18
GA 28543035.2 34010972.37 31343015.55 17.13% 1658987.55 1330.31

DE 37858130.42 4027332545 3947347127 52.00% 824692.98 890.43

IALNS 47033670.92 53977766.98 50535500.85 0.00% 2079426.54 791.28
4O 121,-1021,-40 ALNS 4845853145 70094330.18 53903922.46 6.67% 6927665.44 1044.49
GA 54027943.73 69907307.09 59974339.37 18.68% 4368959.44 2413.68
DE 62440593.5 75439424.57 69915977.04 27.72% 443146232 1650.06
IALNS 106447989.6 149789550.1 119098 635.91 0.00% 15824689.63 1727.42

UL 71,371,481 ALNS 133264470.1 152652244.4 148987989.01 24.93% 5755111.18 2043.41
GA 131296 098.6 150663 552.3 139911350.27 17.47% 5564791.93 2802.63
DE 138807254.2 151476375.6 144884 781.82 21.65% 3832173.93 3285.41

TALNS 9044858.93 9850863.42 9607351.71 0.00% 301203.31 71.91

SL3L 18161 ALNS 974462424 10034303.16 9891626.21 2.96% 105559.91 113.83
GA 9623483.4 10428942.01 10056115.04 4.67% 312816.41 327.59

DE 10094413.7 10546327.84 10279945.69 7.00% 188393.49 278.13

TALNS 12290134.17 17019111.82 16170531.19 0.00% 1287654.32 75.14

15151401151 ALNS 16437706.67 17185446.03 16907519.72 4.56% 238965.18 127.74
GA 14919993.02 20517790.97 17674914.35 9.30% 1823456.71 615.26

DE 17791598.01 23805827.06 20896157.94 29.22% 2373444.47 511.22

IALNS 19009796.43 30629941.77 24238193.38 0.00% 4956789.12 96.48

201,-81,-581,-2011 ALNS 27015467.2 32455396.27 30602516.15 26.26% 1578923.46 154.34
GA 22133253.76 27373857.19 24444867.39 0.85% 1872104.96 868.56

DE 24002893.93 3344774525 30163007.03 24.44% 3084338.36 668.45

IALNS 25508147.23 39307405.1 36088113.33 0.00% 452117034 218.55

301,-101,-901,-30H ALNS 32939013.18 39681777.86 38410941.08 6.44% 2074230.49 331.34
GA 39625355.24 46771199.47 43307813.73 20.00% 2274560.58 18915
DE 47966750.05 56285090.49 50871637.81 40.96% 2976201.61 1242.75

IALNS 64818496 77516119.86 71513707.06 0.00% 3790062.95 972.11
4TSI, 1251458 ALNS 70852249.29 103129614.8 79579941.24 11.28% 8865293.52 1250.81
GA 85727066.65 99505049.57 89330520.07 24.91% 4306927.82 271132
DE 97317010.70 108545730.6 103097824.45 26.51% 4053851.59 2180.34
TALNS 132679 654.4 154310849.4 150200775.307 0.00% 6195567.51 2004.44

5012011501508 ALNS 146847255.5 157910284.9 153418784.39 2.14% 3060312.63 2878.1
GA 146198517.7 155669579.7 151232332.89 0.69% 3183003.41 3107.24
DE 141114509.9 149534859.1 144695707.38 3.83% 3318399.21 327125

BR AR 243 T3l BEA 704 1404 2104 2804 350, 420 4B B3 i1 70 Jo /M CO2 # 5 420 jo /M CO2 i,
(T/) HEATATEY, TG R 4 FiR. A 2,851,514.93 JEIE A 3,677,841.72 70, Hi
RAGRRY, WA PRI S, REMAT K I BRI T BRHBUSA 1 KR . 5 F e, 52
B HE O AR 3 B3 LT, T8 B AR B /ANE BB, B R R R IR R A R, T R R R R R
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